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Foreword 


I am delighted to contribute to this wonderful volume, Clinical Urologic 
Endocrinology: Principles for Men's Health, edited by Drs. Parviz Kavoussi, 
Raymond Costabile, and Andrea Salonia. The world of urology has moved for- 
ward rapidly over the last 20 years, and one of the more important developments 
within Urology is the new focus on men’s health. There is an opportunity and 
perhaps even an obligation for the urologist to become involved in this area, since 
many of the medical issues that are predominantly or uniquely male-specific fall 
within the realm of urology, such as male infertility, sexual dysfunction, and pros- 
tate disorders. A critical component of men’s health is the endocrinologic axis, 
particularly the role of testosterone and its pathologic counterpart, testosterone 
deficiency, in male health and illness. This textbook is therefore timely, as it pro- 
vides an up-to-date picture of several key aspects of testosterone for men, with 
chapters written by leaders in the field. 

Urology has a storied relationship with endocrinology. Charles Huggins was 
awarded the Nobel Prize for his research into the endocrinologic basis of some 
cancers, beginning with prostate cancer. In 1941 Huggins and his co-author 
Clarence Hodges reported that that prostate cancer regressed with castration or 
administration of estrogens, establishing the concept that the prostate was andro- 
gen-dependent. That work followed directly from experiments in dogs, one of the 
few species other than humans that develop benign prostatic hyperplasia (BPH), 
showing that castration caused prostatic involution. That research in turn was 
based on case reports from the beginning of the twentieth century reporting that 
castration cured urinary retention in some men with large prostates. Urologists 
today routinely prescribe 5-alpha reductase inhibitors to reduce intra-prostatic 
dihydrotestosterone instead of performing castration to achieve the same symp- 
tomatic benefit in men with BPH, thereby practicing urologic endocrinology. 

Additional important contributions to urological endocrinology include the 
work of Patrick Walsh, M.D., who is best known today for developing the nerve- 
sparing radical prostatectomy, which ushered in the modern era of prostate cancer 
surgery. However in the 1970s Dr. Walsh’s work with endocrine pioneer Jean 
Wilson led to improved understanding of male genital differentiation. And 
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urologists have been involved in the management of hormone-producing adrenal 
tumors since the early days of modern surgery. A quarter-century ago Frank Hinman, 
Jr., M.D., established the Endocrine Forum at the annual meeting of the American 
Urological Association, which has regularly been one of the most popular events at 
that meeting. Upon retirement Dr. Hinman passed leadership of the Endocrine 
Forum to Dr. Lipshultz, one of the pioneers in the field of male infertility and a 
contributing author of this text. I have been honored to serve as Dr. Lipshultz’s co- 
chair of this event for the last decade. Urology’s relationship to endocrinology is 
long and deep. 

Today, testosterone is recognized as a critical hormone in male development, and 
no less as a critical agent involved in a man’s adult health, affecting multiple sys- 
tems — sexual, reproductive, prostate, bone, muscle, fat, and brain. Although testos- 
terone was first synthesized in the 1930s, the fear of prostate cancer severely 
restricted its use until the last one to two decades. Despite its age, the field of testos- 
terone is still relatively “young,” in the sense that there is still much to be learned 
and there are extensive opportunities for exploration. 

In 1988 when I began my own urological practice at Beth Israel Deaconess (now 
Beth Israel Deaconess Medical Center) in Boston as part of the Harvard Medical 
School faculty, there was almost no urological experience related to testosterone 
treatment. Its use was limited almost exclusively to men with obvious and severe 
testosterone deficiency due to: congenital or chromosomal issues, e.g., Klinefelter’s 
disease; pituitary or hypothalamic abnormalities or corrective treatments (surgery, 
radiation); and men who were anorchic due to surgery (e.g., for bilateral testicular 
cancer) or trauma. Even in cases where urologists had removed both testicles, tes- 
tosterone therapy was almost always referred out to endocrinologists. As specialists 
in prostate disease, urologists had an additional reason to shy away from testoster- 
one therapy, since it was universally believed that higher testosterone levels increased 
the risk of developing prostate cancer. 

My own interest in testosterone therapy arose from work I had performed in a 
research laboratory as an undergraduate at Harvard University, investigating the 
effects of testosterone and other sex steroids on the sexual behavior of the American 
chameleon, Anolis carolinensis, under the tutelage of David Crews, Ph.D. Although 
I had received essentially no training in testosterone therapy during medical school 
or urological residency, my research experience made me curious about the effects 
of testosterone in men. I was surprised at how many of my patients with sexual 
dysfunction or infertility had low levels of serum testosterone, and I was pleasantly 
surprised when I treated several men and they responded well, often with benefits 
that are well described today but were largely unknown at the time. These included 
an increased sense of energy and well-being, and improved concentration and moti- 
vation. The lack of awareness of the symptoms and health impact of testosterone 
deficiency coupled with the fear of stimulating occult prostate cancer meant that 
there were only a handful of urologists and other specialists in the early and mid- 
1990s who offered testosterone therapy to otherwise healthy men with characteris- 
tic or suggestive symptoms. 
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The field was transformed by advances in clinical research, the introduction of 
more convenient treatment modalities, and reduced concern regarding prostate can- 
cer. Physicians today recognize that testosterone deficiency is common and can 
occur in the healthiest of men at nearly any age, although it is clearly increased with 
age and co-morbidities, such as obesity and diabetes. The symptom complex has 
been better characterized, and includes reduced desire, erectile dysfunction, ejacu- 
latory dysfunction, decreased energy, fatigue, decreased muscle mass, increased fat, 
and depressed mood. Testosterone deficiency is also intimately associated with 
important medical conditions, such as diabetes, metabolic syndrome, osteoporosis, 
and atherosclerosis. Testosterone therapy has been shown to produce symptomatic 
improvement in many men, and new evidence suggests that there may also be sig- 
nificant benefits of testosterone therapy for underlying medical conditions, such as 
impaired glucose metabolism and reduced bone density. Testosterone has also been 
implicated in what is arguably the most important health measure of all-longevity. 
Several observational studies now show that men with normal serum concentrations 
of testosterone have reduced mortality compared with men with low levels. And one 
retrospective study reported that intervention with testosterone therapy improved 
survival in testosterone deficient men. 

In my opinion, the association of testosterone with so many significant health 
issues means that a serum testosterone concentration is the single most important 
indicator of a man’s health status, exceeding in importance other commonly used 
tests, such as glucose, cholesterol, or PSA. 

This volume addresses many of the primary concerns for the physician or health 
care provider interested in testosterone deficiency and its treatment, as well as 
related endocrinopathies. The reader will learn about the physiology and epidemiol- 
ogy of testosterone deficiency, as well as the endocrinologic basis for sexual dys- 
function and male infertility. Topics covered in this volume include how to diagnose, 
treat, and monitor men with testosterone deficiency. A chapter of particular interest 
to me is the relationship of testosterone and prostate cancer by Mohit Khera, M.D., 
due to my own involvement in this area over many years. Despite strong evidence 
to the contrary, there still exists concern among physicians that testosterone therapy 
is risky for prostate cancer. A recent and controversial issue is whether it may be 
reasonable to offer testosterone therapy to men with a history of prostate cancer. 
Readers are recommended to the excellent chapter by Dr. Khera to gain perspective 
on this and related issues regarding testosterone and prostate cancer. 

This is an important volume, addressing a new and exciting area of men’s health. 
Iam confident that the reader will find the material valuable and stimulating. 


Boston, MA, USA Abraham Morgentaler, M.D., FACS 


Preface 


Since the days of the nineteenth century, we have come a long way in our under- 
standing of the importance of the male hormonal milieu and how the hypothalamic- 
pituitary-gonadal axis functions, self-regulates, and the best treatments when it is 
not optimized. In 1889, before the Societe de Biologie in Paris, the neurologist/ 
physiologist Charles-Edouard Brown-Sequard first claimed to have improved his 
own physical strength and intellectual capacity by self-injecting “liquid testicu- 
laire.” This was a formulation prepared from animal testicles, primarily canine and 
guinea pig. Although we have certainly refined our treatments since then and the 
field has significantly advanced, especially over the last two decades largely due to 
the work of many of the contributors to this text, there are still unanswered ques- 
tions and gaps in our knowledge. 

We are advancing our understanding for the sake of our patients, and the largest 
step forward was recognizing the importance of the hormonal axis for men’s health. 
Low testosterone is the major focus, but this text will also discuss other hormonal 
interactions in the realm of urologic endocrinology, which spans in its relevance to 
multiple types of health care providers, in essence any providing care for men. 

Drs. Butenandt and Ruzicka won the Nobel Prize in 1939 for isolating testosterone 
and the clinical impact of this hormone on our patients has carried no lesser importance 
since that time. With 481,000 new cases of low testosterone in American men between 
the ages of 40 and 69 each year and an estimation that less than 5 % of hypogonadal 
men in the United States are being treated, the task falls upon health care providers to 
educate our patients and the public on the importance of this hormonal deficiency and 
the benefits of appropriate treatment. This means that providers caring for hypogonadal 
men must be well versed in the process, the evaluation, the treatment options, and the 
risks; which is the aim of this text. It is crucial to overcome the current barriers to treat- 
ment of men with low testosterone including the current lack of consensus in the defini- 
tion of low testosterone, the lack of confidence in diagnostic testing, the non-specificity 
of the generalized and vague signs and symptoms of low testosterone, the perception 
that low testosterone is a difficult and time consuming health issue for providers to 
manage, and the powerful fear that treating low testosterone may induce prostate can- 
cer, which continues to be disproved with multiple studies. 
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As a urologist treating hypogonadal men in clinical practice, I have the privilege 
of seeing the impact of this cholesterol derived hormone on my patients every day. 
What was once thought of as purely the “male sex hormone” is now known to be so 
much more. With the typical improvements in energy levels, libido, erections, mood, 
motivation, sleep, cognitive concentration, and body composition, it is evident what 
a positive impact this hormone can have on a man’s quality of life. There are also 
the health benefits to consider for our patients. Although the studies are ongoing to 
help solidify our understanding of the impact of this hormone on lipid profiles, glu- 
cose metabolism, bone mineral density, obesity, cardiovascular fitness, and meta- 
bolic syndrome; there is accumulating data moving in a positive direction. Clinical 
judgment is still needed to select the appropriate candidates for treatment and this 
text will help the health care provider in making such decisions, as well as the most 
appropriate modality of treatment for each individual man. 
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Chapter 1 
Anatomy and Physiolosy of Androgen 
Regulation in Men 


Jerald Marifke and Jay Sandlow 


Abstract The purpose of this chapter is to provide the reader with an understand- 
ing of the hypothalamic-pituitary axis relative to the production of androgens and 
sperm in the testes. The physiologic action of the androgens will be reviewed as 
well. A detailed discussion of gonadotropin-releasing hormone (GnRH) and its 
effect on the anterior pituitary regarding production and release of luteinizing hor- 
mone (LH) and follicle-stimulating hormone (FSH) with the end result in produc- 
tion of testosterone and spermatozoa will be outlined. The conversion and actions of 
androgens will be discussed. The two main pathways leading to the initiation of 
androgen action will be presented, as is a review of hormonal regulation of sper- 
matogenesis. The variation of testicular function as men age will be discussed. 
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CNS Central nervous system 
CYPIIA1 Cholesterol side-chain cleavage 
CYP17 17-alpha-hydroxylase 

CYP17 17,20 lyase 

CYP19 Cytochrome P450 family 19 
DNA Deoxyribonucleic acid 

FSH Follicle-stimulating hormone 
GnRH Gonadotropin-releasing hormone 
hCG Human chorionic gonadotropin 
hMG Human menopausal gonadotropin 
LH Luteinizing hormone 

SHBG Sex hormone-binding globulin 
StAR Steroidogenic acute regulatory protein 
TeBG Testosterone-binding globulin 


Hypothalamic-Pituitary-Gonadal Axis 


The cornerstone of regulation of androgens is a feedback loop similar to other endo- 
crine systems. The hypothalamus releases gonadotropin-releasing hormone (GnRH) 
along the hypothalamic-hypophyseal portal system as well as providing neural input 
to the pituitary gland. This hormonal release sends feedback to the testes, which in 
turn release factors that signal the hypothalamus, keeping the system in balance 
(Fig. 1.1). In the case of the testis, the hypothalamus secretes GnRH in a pulsatile 
fashion, about one pulse per hour, which travels to the anterior pituitary gland to 
cause secretion of luteinizing hormone (LH) and follicle-stimulating hormone 
(FSH) [1]. GnRH is secreted from the arcuate nucleus of the hypothalamus in a 
pulsatile fashion via a network of hypothalamic neurons. The pulsatile release of 
GnRH is critical to the secretion of LH and FSH as continuous administration of 
GnRH or GnRH agonists suppresses gonadotropin release. After GnRH binds to 
cell surface receptors on the pituitary, gonadotropin release is stimulated by a calci- 
um-dependent mechanism. The calcium-dependent mechanism includes electrical 
actions of the neurons, calcium and cyclic adenosine monophosphate (cAMP) sig- 
naling, as well as numerous receptor interactions including those specific to G pro- 
teins. The G protein-coupled receptor 54 and its endogenous ligand kisspeptin are 
essential for activation and regulation of the hypothalamic-pituitary-gonadal axis 
[2]. The quantity of LH and FSH secreted is in part a function of the age of the sub- 
ject as well as the frequency and strength of the GnRH pulses occurring. Several 
hormones (including testosterone, dihydrotestosterone, and estradiol), neurotrans- 
mitters, and cytokines modulate secretion of GnRH. 

LH and FSH travel through the blood to the testes to initiate the production and 
secretion of testosterone and stimulate effects on Sertoli cells to facilitate the matura- 
tion of sperm. LH and FSH are composed of an alpha- and beta-subunit. Although the 
alpha-subunits are identical, the beta-subunits are unique and impart the specific 
immunologic and functional properties of the hormones. LH interacts with receptors 
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on the Leydig cells to stimulate the production of testosterone via cyclic AMP through 
a series of incompletely understood intermediate steps [3]. FSH interacts with the 
Sertoli cells to regulate spermatogenesis via an incompletely understood mechanism. 
Sertoli cells also stimulate cyclic AMP to enhance the release of specific proteins, 
including aromatase, an enzyme which converts testosterone to estradiol [4]. 

LH secretion is regulated primarily by negative feedback from gonadal steroids 
at the level of the hypothalamus and pituitary. Testosterone can be converted to 
estradiol by aromatase or cytochrome P450, family 19 (CYP19) in the brain, testis, 
liver, skin, adipocytes, and pituitary. Testosterone is the primary regulator of LH, 
and estradiol is the primary regulator of FSH, but both hormones are likely involved 
as LH levels are elevated in men with aromatase deficiency or following the admin- 
istration of aromatase inhibitors [5, 6]. 

When physiologically functional serum levels of testosterone are present, it sig- 
nals the hypothalamus to decrease secretion of GnRH by slowing down the pulse 
generator [7]. The decrease in GnRH in turn decreases LH pulse frequency most 
likely due to a mechanism involving endogenous opioids [8]. Testosterone also 
directly decreases LH release via the pituitary [9]. Central nervous system (CNS) 
feedback may in part be mediated by estradiol via conversion from testosterone. 
Estradiol is capable of slowing the GnRH pulse generator directly and decreasing 
the amplitude of LH pulses [5]. 

FSH is regulated by both peptide (inhibin) and steroid hormones (estradiol). 
Inhibin is a peptide that when produced in puberty, inhibits FSH secretion. The 
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inhibin peptide consists of two disulfide linked subunits, alpha and beta, with the 
beta-subunit existing in two forms giving rise to inhibin A and inhibin B. Inhibin is 
not secreted without the presence of FSH and androgen [10]. Inhibin suppresses 
GnRH-stimulated release of FSH. Inhibin B is the physiologically active hormone 
in men [11, 12]. 

Both acute and subacute stress can impact the normal hypothalamic-pituitary- 
gonadal axis. For this reason, it is important not to assess the axis during times of 
stress, but wait 2—4 weeks after any significant physiologic or emotional stress has 
resolved. Stress-induced effects can be a result of increased corticotropin-releasing 
hormone, cytokine release, and leptin levels [13-17]. 


Androgen Physiology 


Cholesterol, the precursor steroid, not only can be derived from the circulating low 
density lipoproteins but also can be synthesized in the Leydig cell. The five enzy- 
matic steps required for the conversion of cholesterol to testosterone include choles- 
terol side-chain cleavage (CYPI1A1); 3-beta-hydroxysteroid dehydrogenase 
(3-beta-HSD); 17-alpha-hydroxylase (CYP17); 17,20 lyase (CYP17); and 17-beta- 
hydroxysteroid dehydrogenase 3 (17-beta-HSD3) (Fig. 1.2). 

The conversion of cholesterol to pregnenolone is the first and rate-limiting step 
in steroidogenesis. The rate is typically determined by delivery of cholesterol to 
cholesterol side-chain cleavage enzyme in the inner mitochondrial membrane by 
steroidogenic acute regulatory protein (StAR) under the control of LH [18]. 

While the initial enzymatic step takes place in the mitochondria, the remaining 
steps occur in the endoplasmic reticulum. Cytochrome P450c17 is a generic term for 
a large number of oxidative enzymes, all of which consist of approximately 500 
amino acids and contain a single heme group. It is the single enzyme that processes 
both 17-alpha-hydroxylase and 17,20-lyase activities, but the regulatory mechanisms 
are poorly understood [19]. About 25 mcg of testosterone is present in normal testes, 
and 5—10 mg is secreted daily in a pulsatile fashion under the regulation of LH [20]. 
Testosterone levels are at peak levels in the morning in young men (third and fourth 
decade) due to sleep-induced increases in testosterone production [21]. The rhythmic 
levels of testosterone production never cease completely, but begin to decrease in 
variability in the fifth decade and have the least variability after the beginning of the 
eighth decade. It is recommended that testosterone levels be measured between 7 and 
10 a.m., as this represents the most stable and reproducible time of day to assess 
levels for any potential abnormalities. Additional factors that influence Leydig cell 
function include insulin-like growth factor I, transforming growth factors alpha and 
beta, epidermal growth factor, and fibroblast growth factor [22]. 

Testosterone can be converted to 5-alpha-dihydrotestosterone or aromatized to 
estrogen. Five-alpha-dihydrotestosterone mediates differentiation, growth promo- 
tion, and functional aspects of androgens in men. Estrogen effects can be indepen- 
dent of, opposite to, or synergistic to those of androgens [23]. 
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Fig. 1.2 Androgen synthesis and 
metabolism beginning with cholesterol 
through dihydrotestosterone and estradiol 
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hydroxylase, CYP17 17,20 lyase, 
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dehydrogenase 3, CYP19 cytochrome 
P450, family 19 Progesterone 
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Five-alpha-dihydrotestosterone accounts for 6-8 % of testosterone metabolism 
which results in a ratio of 10-15:1 of testosterone to 5-alpha-dihydrotestosterone in 
the average man. Two 5-alpha-reductase isoenzymes exist [24]. Enzyme one is 
expressed in the liver and nongenital skin (hair follicles), while enzyme two is 
expressed in the prostate, epididymis, seminal vesicles, genital skin, and liver. The 
principal role of 5-alpha-dihydrotestosterone appears to be amplification of the 
androgen signal possibly due to higher affinity for the androgen receptor. Evidence 
to support this concept is that mice bred with both steroid 5-alpha-reductase enzymes 
lacking did not show impaired virilization because it is associated with a significant 
increase in testosterone levels [25]. 

Estrogen is synergistic with androgens to inhibit gonadotropin secretion and is 
an important hormone in bone health [6]. Approximately 50 mcg of estradiol is 
produced daily in men. Eighty-five percent of serum estrogens in men is synthe- 
sized at extra-gonadal sites, mainly adipose. The remainder is made by the testis. 
The formation of estrogens from androgens is catalyzed by aromatase [26]. 
Increasing body weight and advancing age raise the rate of synthesis of estrogen 
from increased aromatase activity associated with increased adiposity. Increases in 
serum LH will enhance the secretion of estradiol by the testes by overstimulation of 
the Leydig cells. 
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Gonadal steroids are transported in the blood mainly bound to albumin and sex 
hormone-binding globulin (SHBG also known as testosterone-binding globulin — 
TeBG). In a normal man, about 2 % of testosterone is free or unbound circulating in 
the blood, 44 % is bound to SHBG, and 54 % is reversibly bound to albumin (50 %) 
and cortisol-binding globulin (4 %) [27]. Testosterone bound to albumin and corti- 
sol-binding globulin has approximately a 1,000-fold lower affinity than SHBG; 
therefore, nearly all albumin-bound and cortisol-binding globulin-bound testoster- 
one is available for tissue uptake [28]. This means that the bioavailable testosterone 
is approximated by the sum of free, albumin-bound, and cortisol-binding globulin- 
bound testosterone. 

There are many factors that will influence the level of SHBG. SHBG levels in mature 
men are about one-third to one-half that in women, prepubertal boys, and hypogonadal 
men. The level of SHBG can be decreased by exogenous androgen or seen in hypothy- 
roidism and is increased by estrogen administration or hyperthyroidism. 


Androgen Action 


The major actions of androgens in men include regulation of gonadotropin secretion 
by the hypothalamic pituitary system, initiation and maintenance of spermatogene- 
sis, development of the male phenotype during embryogenesis, promotion and 
maintenance of sexual maturation at puberty, and maintenance of muscle mass and 
bone mineral density in the adult. 

There are two main pathways to initiate androgen activity, the classical and non 
classical. The classical pathway involves testosterone and 5-alpha-dihydrotestoster- 
one binding to the high affinity androgen receptor. Although the same intracellular 
androgen receptor is present, the effect mediated in different target organs is quite 
diverse. Steroid receptors have a central deoxyribonucleic acid (DNA)-binding 
domain connected to a ligand-binding domain by a hinge region; in addition steroid 
receptors contain a large amino-terminal domain. The androgen receptor requires 
coactivators or corepressor proteins to combine with different regions in the amino- 
terminal domain and hinge region to undergo transcriptional activation [29, 30]. 
This transcription regulatory complex then binds with high affinity to androgen 
response elements in DNA sequences. The net consequence is to either upregulate 
or downregulate the transcription of genes under androgen control. 

The nonclassical pathway refers to mechanisms that do not involve a genomic 
effect and therefore can occur rapidly in seconds to minutes versus at least 30 min 
for the classical pathway. Several mechanisms mediate this pathway including acti- 
vation of G protein-coupled membrane and androgen receptors and stimulation of 
different protein kinases, to direct modulation of voltage and ligand-gated ion chan- 
nels and transporters [31]. 
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Regulation of Spermatogenesis 


FSH and testosterone are the main hormones that regulate spermatogenesis. FSH 
receptors are present in Sertoli cells and spermatogonia, and androgen receptors are 
present in Sertoli cells, Leydig cells, and peritubular myoid cells. FSH acts directly 
on the Sertoli cell to increase androgen-binding protein, transferrin, inhibin, aro- 
matase, and plasminogen activators [32]. FSH also enhances glucose transport and 
the conversion of glucose to lactate. 

The production of testosterone by the Leydig cells is under the control of LH and 
results in an intratesticular testosterone concentration approximately 100 times 
greater than the peripheral circulation [33]. 

Both LH and FSH play roles in normal spermatogenesis [34]. Spermatogenesis 
will not occur spontaneously in a man with prepubertal hypogonadotropic hypogo- 
nadism and requires use of both human chorionic gonadotropin (hCG), which has 
potent LH effects, and human menopausal gonadotropin (hMG) with FSH effect. In 
men who develop hypogonadotropic hypogonadism as an adult after spermatogen- 
esis was initiated, resumption of sperm production can typically be restored with 
hCG alone [35]. 


Testicular Function and Effects During Development 


Testosterone production in the fetus begins around the seventh week of gestation, 
reaches levels of 300-400 ng/dl, and is maintained through the second trimester. 
After this time, it falls, so that by the time of birth, male and female levels of testos- 
terone are similar. 

Testosterone again rises in the neonatal phase of life for 3—6 months before fall- 
ing to low levels by | year of age and remaining there until puberty when it then 
rises to adult levels, typically around 300—1,000 ng/dl by age 17. The neonatal surge 
is a result of LH secretion, while inhibin B levels rise during the neonatal period and 
reach levels much higher than a normal adult [36]. 

Bioavailable testosterone levels remain relatively constant until the fifth decade 
where a decline of about 1.2 % per year begins. 

The physiologic events during these periods differ as do the pathologic conse- 
quences of lack of normal testicular function during these times. For example, tes- 
tosterone deficiency during very early development in utero can result in ambiguous 
genitalia and micropenis, while testosterone deficiency in prepubertal development 
can lead to incomplete maturation, eunuchoid body habitus, poor muscle develop- 
ment, and reduced peak bone mass. An inadequate amount of testosterone in the 
postpubertal man will result in decreased energy, mood, and libido as well as 
decreased sexual hair, muscle strength, and bone mass. 
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Summary 


The hypothalamic-pituitary-gonadal axis is responsible for a complex network of 
interactions in maintaining normal androgen production and function, as well as 
reproductive potential via the manufacture and secretion of sperm. 

The hypothalamus communicates with the pituitary via a portal vascular system 
and neural pathways. GnRH is secreted in a pulsatile fashion which elicits secretion 
of LH and FSH in the anterior pituitary. LH initiates testosterone primarily, while 
FSH primarily regulates spermatogenesis. 

Testosterone can be converted to 5-alpha-dihydrotestosterone in peripheral tissue 
which mediates many of the different aspects of androgen actions in men. Alternatively, 
it can also be aromatized to estrogens which can exert effects unique to androgens. 

Gonadal steroids are transported in the blood mainly bound to albumin and 
SHBG, but it is the free or weakly bound portion that is biologically active, and this 
portion comes from the free hormone at about 2 % and the 54 % that is weakly 
bound to albumin and cortisol-binding globulin. 

The major physiologic actions of testosterone in males include regulation of 
gonadotropin secretion by the hypothalamic pituitary system, initiation and mainte- 
nance of spermatogenesis, formation of the male phenotype during embryogenesis, 
promotion of sexual maturation at puberty and its maintenance thereafter, and 
increase in lean body mass and decrease in fat mass. 
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Chapter 2 
Development of the Male Reproductive System 


Pravin K. Rao and Arthur L. Burnett 


Abstract Male and female reproductive systems develop in close relation to the 
urinary tract. Until approximately 7 weeks gestation, the human embryo remains 
sexually bipotential. Subsequently, in males, testis-inducing factors cause differen- 
tiation from the default female phenotype. As the testis forms, testosterone and 
other androgens drive the formation of the external genitalia and internal male 
reproductive structures, while other testicular factors cause regression of female 
reproductive organ precursors. Androgens also play a role in the descent of the tes- 
ticles from their origin in the upper abdomen. Germ cells enter an arrested phase of 
maturation in the first trimester. A surge of testosterone in the neonatal period plays 
a role in testicular development, but it is not until the largest androgen surge of 
puberty that gonadarche occurs with the onset of spermatogenesis. In this chapter, 
we review the formation and maturation of the reproductive system, with an empha- 
sis on hormonal factors and aspects relevant to clinical care of male reproductive 
patients. 
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Abbreviations 


AGD Anogenital distance 

AMH ` Anti-Miillerian hormone 

CDGP Constitutional delay of growth and puberty 

CF Cystic fibrosis 

CFTR Cystic fibrosis transmembrane conductance regulator 
CGRP Calcitonin gene-related peptide 


CSL Cranial suspensory ligament or cranial mesonephric ligament 
DHT Dihydrotestosterone 
FSH Follicle-stimulating hormone 


GnRH _ ~ Gonadotropin-releasing hormone 

INSL3 Insulin-like factor 3 

LH Luteinizing hormone 

MIS Miillerian-inhibiting substance 

PGC Primordial germ cell 

SRY Sex-determining region of the Y chromosome 
TDS Testicular dysgenesis syndrome 


Developmental Stages Before Sex Divergence (< ~7 Weeks) 


The formation and development of reproductive and urinary structures are closely 
related. Each system begins as bilateral craniocaudal elongations of intermediate 
mesoderm forming nephrogenic cords. Each of these cords ultimately forms a uro- 
genital ridge — the site of early genital and renal structure formation. Figure 2.1 
outlines the parallel development of the renal, internal ductal, and gonadal systems, 
as well as the external genitalia. 

During week three of gestation, a nonfunctional kidney precursor called the pro- 
nephros develops in a location of the urogenital ridge corresponding to the future 
thorax. More caudally, the pronephros is continuous with the nephric duct, also called 
the mesonephric duct or Wolffian duct. By week five of gestation, the pronephros 
degenerates along with the most cranial part of the nephric duct. The middle and cau- 
dal aspects of the nephric duct can be seen by approximately 31⁄2 weeks gestation. At 
approximately 4 weeks gestation, the caudal end reaches and fuses with the cloaca, 
forming a lumen that then canalizes the nephric duct back toward its cranial end. 

After week four of gestation, masses of mesonephric tubules form, resembling 
nephrons with excretory function into the nephric duct. This transiently functioning 
renal precursor is called the mesonephros. Soon after forming from the cranial end 
toward the caudal end of the nephric duct, the mesonephric tubules regress in the 
same direction. A small number of the most cranial tubules of the mesonephros 
persist and later become the 12-20 efferent ductules of the testis. As the lumened 
mesonephric duct later becomes the epididymis and vas deferens, these efferent 
ductules ultimately connect the rete testis to the remainder of the ejaculatory tract. 
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Week Renal Internal ducts Gonadal External genitalia 
1 
2 Nephrogenic cord formation 
3 Pronephros formation:and PGC's in posterior yolk sac 
degeneration 
N Future vas deferens Cloacal formation and 
4 Mesonephros formation, Pcanalized as mesonephric division, forming urogenital 
function, and degeneration duct Sinus 
Ureteric bud meets Future efferent ductules PGC's migrate, genital ridge 
5 metanephric mesenchyme ; ü Ureter joins forming bladder 
N 3 persist forms 
Nephrogenesis begins 
6 Formation of Miullerian Cloacal folds/labioscrotal 
ducts fold formation 
7 Pelvis/calyceal formation SRY|production (Pre-sertoli) 
(6-10 weeks) testis cord formation 
mates z HMIS|expression (Pre-sertoli 
8 Renal ascent Müllerian duct regression | gonad pression (rra s ) Cloacal membrane rupture 
Leydig cell formation 
9 Testosterone|production DHT 
l INSL3 production 
10 Seminal vesicle and Anogenital distance 
prostate formation increases 
Closure of urethra, 
11 male genitalia formation 
complete 
Vasa deferentia and 
12 epididymides formation 
complete 
Y 
Completion of 
13 transabdominal 
descent 
(12-14 weeks) 
14 
15 
2nd Transinguinal descent 
trimester 
; ' Y Y 
5 3rd Collecting duct maturation Scrotal descent completion Growth of genitalia 
trimester | Nephrogenesis completion 


Fig. 2.1 Parallel development and interactions of the kidneys, internal ducts, gonads, and external 


genitalia 
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Fig. 2.2 Development of the cloaca, urogenital sinus, and accessory glands. (a) At 35 days, the 
common excretory duct and ureter are being absorbed into part of the cloaca, the primitive bladder. 
Also seen is the lumened allantois, which later forms the urachus. (b) By 53 days, the urorectal 
septum has divided the cloaca into the urogenital sinus and the anorectal canal. (c) By 10 weeks 
gestation, the penile urethra, prostate, and seminal vesicles have begun formation [15] 


At approximately week four of gestation, the ureteric bud branches from the 
nephric duct toward the metanephric mesenchyme. Interactions between mesenchyme 
and the ureteric bud tissue lead to the formation of the metanephros, which later per- 
sists as the definitive kidney. The ureteric bud sequentially branches to become the 
ureter, renal pelvis, calyces, and collecting ducts. The remaining nephron segments 
and renal parenchyma develop from the metanephric mesenchyme. The portion of the 
nephric duct distal to the ureteric bud is termed the common excretory duct. 

During this same time period, folding of the forming body creates the primitive 
gut. At the caudal region of the embryo, this endodermal tube transitions to an 
endoderm-lined sinus called the cloaca, and the opening of the sinus is covered by 
the cloacal membrane. The allantois forms from the primitive gut and connects the 
placenta and the future bladder, and this tube later closes off to become the solid 
cord-like urachus (Fig. 2.2). 

When the nephric ducts meet the cloaca, the cloacal regions anterior to this fusion 
point form the vesicourethral canal that will eventually form the structures of the blad- 
der and pelvic urethra in males and females. The posterior portion of the cloaca is fur- 
ther separated into the urogenital sinus (anteriorly) and the anorectal canal (posteriorly) 
by the urorectal septum, as it descends in the coronal plane. As this separation occurs, 
the cloacal membrane ruptures to open the anus and urogenital sinus cavities, and the 
urorectal septum forms the perineum between the genitalia and anus (Fig. 2.2b). The 
urogenital sinus becomes the phallic urethra in males and the distal vagina in females. 

As the developing bladder grows, the distal nephric duct (viz., the common 
excretory duct) is absorbed into the cloaca and undergoes apoptosis. This brings its 
two branches, the nephric duct and the ureteric bud, to the forming urogenital sinus. 
After 5 weeks gestation, the ureter opens into the primitive bladder and moves cra- 
nially and laterally to the bladder trigone, while the nephric ducts, or forming vasa 
deferentia, travel caudally and rotate posteriorly. 

In the third week of gestation, primordial germ cells (precursors to male and 
female gametes) are located near the endoderm of the posterior yolk sac. The germ 
cells soon start to migrate to the lower thoracic regions just medially to the 
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Fig.2.3 Internal ductal 
system at 6 weeks gestation, 
prior to sexual differentiation. 
The urinary and genital/ 
gonadal ridges (mesonephros 
and mesonephric duct) make 
up the urogenital ridge. The 
paramesonephric (Miillerian) 
ducts are just lateral to the 
urogenital ridge. The 
metanephros, Miillerian ducts, 
and mesonephric ducts all 
join to the bipotential 
urogenital sinus [15] 
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mesonephros. Likely guided by chemotactic molecules from the gonadal tissue, 
they reach and penetrate the region of the medial urogenital ridges at approximately 
5 weeks gestation. Signaled by the arrival of primordial germ cells, the genital ridge 
develops from coelomic epithelium and some cells from the mesonephros. Soon 
after its development, the indifferent gonad becomes suspended from the meso- 
nephros or future vas deferens in males. Until this point, all internal and external 
genital and reproductive structures have bipotential sexual differentiation and appear 
identical in males and females (Fig. 2.3). 


Sex Determination and Gonadal Differentiation (>7 Weeks) 


The sex-determining region of the genome is located on the short arm of the Y chro- 
mosome and is called the SRY gene. In males, SRY gene expression by somatic 
mesenchymal cells of the forming gonad generates SRY protein also known as the 
testis-determining factor. During the seventh and eighth weeks of gestation, the 
SRY protein initiates a cascade of events leading to male differentiation. Without 
these events, the embryo follows the default development pathway, forming female 
reproductive structures and external genitalia. The mesenchymal cells producing 
SRY differentiate into Sertoli cells, also known as nurse cells or sustentacular 
cells for their role in supporting spermatogenesis. Table 2.1 lists some of the key 
molecular factors along with their origins and functions in male reproductive 
development. 
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Table 2.1 Principal molecular factors, their origins, and their roles in male reproductive develop- 
ment [9, 20] 


Molecule/hormone Origin Role/function 

SF1 - Gonadal ridge formation (bipotential) 
Adrenal development 

SRY Pre-Sertoli cells Male differentiation 


Testis formation 
Stimulates SOX-9 production 


SOX-9 Pre-Sertoli cells Testis formation 
Promotes MIS production 
WT! - Tumor suppressor gene 
Germ cell/gonadal development 
DAX1, WNT4 = Can antagonize SF1 and SRY 
Can promote female differentiation 
MIS Pre-Sertoli cells Regression of Müllerian ducts 
hCG Placenta Early stimulation of testosterone 
production 
LH Anterior pituitary Later stimulation of testosterone 
production 
Testosterone Leydig cells Wolffian differentiation 


Testicular descent 
Inguinoscrotal >transabdominal 


Converted to DHT 
INSL3 Leydig cells Testicular descent (transabdominal) 
CGRP Genitofemoral nerve Gubernacular growth/contraction for 
inguinoscrotal descent 
DHT Target organ conversion from External genitalia differentiation, 
testosterone by 5a-reductase prostate development 
Kisspeptin Brain Activates GnRH neurons and triggers 
GnRH release 


The cells of the male genital ridge form the genital blastema, a mix of primitive 
Sertoli cells, interstitial cells, and primordial germ cells. During the seventh week of 
gestation, the Sertoli precursor cells begin to surround the primordial germ cells to 
form primitive sex cords or testis cords. Once enveloped by Sertoli cells, the primor- 
dial germ cells interact with the surrounding cells and differentiate into gonocytes or 
prespermatogonia precursor cells. Shortly after SRY expression commences, pro- 
duction of Müllerian-inhibiting substance (MIS), also termed anti-Müllerian hor- 
mone (AMH), ensues by the same Sertoli cell precursors at 7—8 weeks gestation. 

During the seventh week of gestation, the sex cords begin to shorten and assume 
the ovoid shape of the testicle, and the area in contact with the mesonephros 
decreases. The sex cords then enlarge and become the immature seminiferous 
tubules, which later function for spermatogenesis. The gonocytes then enter mitotic 
arrest and largely stay dormant until puberty. 

Meanwhile, the sex cords that are located in the region between the mesonephros 
and germ cells form the tubular structures of the rete testis, which links the semini- 
ferous tubules to the mesonephric tubules and nephric duct or the efferent ductules 
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and vas deferens, respectively. A thick layer of connective tissue then condenses 
around the gonad, forming the tunica albuginea that separates the gonadal contents 
from surrounding tissues. 

Concomitantly, paracrine factors from Sertoli cells are thought to guide the 
development and structure of the other cell types within the testis. Under the 
influence of SRY, gonadal cells in the interstitium outside the seminiferous tubules 
differentiate into Leydig cells after 8—9 weeks gestation. These interstitial cells are 
located outside the seminiferous tubules, within the gonad. SRY is also thought to 
cause proliferation of Sertoli precursor cells in mice [1]. 

Leydig cells begin producing testosterone soon after their formation. Until 
12 weeks gestation, testosterone secretion is mainly stimulated by chorionic gonad- 
otropin from the placenta. Early in the second trimester, there is a peak in placental 
chorionic gonadotropin that stimulates gonadal testosterone production. Luteinizing 
hormone (LH) receptors are expressed in Leydig cells at approximately 12 weeks, 
and by 16 weeks, the control of testosterone production becomes dependent on pitu- 
itary gonadotropin (LH) production. In a similar fashion, Sertoli cells express recep- 
tors for follicle-stimulating hormone (FSH) and are eventually regulated by pituitary 
FSH production. 

Testosterone and other androgens then cause the development of male internal 
structures and external genitalia, and the testes continue to mature and begin their 
descent to the scrotum. 


Clinical Correlate 

Approximately 5-10 % of germ cell tumors arise from a site outside of the 
testes and are termed extragonadal germ cell tumors. The germ cells forming 
these tumors likely failed to properly migrate to the genital ridges during tes- 
tis development and then failed to degenerate when they did not reach their 
destination. These tumors usually develop near the midline in the retroperito- 
neum and mediastinum, though they have been found in suspected primary 
sites throughout the body [2]. 


Testicular Descent 


The testicle initially forms high in the abdominal cavity near the lower thoracic 
vertebral level. At approximately 5 weeks gestation, during formation of the genital 
ridge, the caudal mesonephros and the future gubernaculum are connected near the 
internal inguinal ring. Upon testis formation, a dorsally located cranial suspensory 
ligament (CSL), or cranial mesonephric ligament, connects the upper mesonephros 
to the diaphragm. Together, the cranial and caudal ligaments loosely stabilize the 
position of the testis. As the fetus elongates and the abdominal cavity grows differ- 
entially, the CSL elongates, and its cranial aspect, mesonephros, regresses, and the 
testis is held near the inguinal ring. As a result, the relative position of the testis 
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becomes more caudal, following a path toward the junction of the mesonephros and 
gubernaculum. Ultimately, the transabdominal descent of the testis is usually com- 
plete by approximately 10-15 weeks gestation, with the testis reaching the inguinal 
region. 

Early in the second trimester, there is a surge in testosterone and insulin-like fac- 
tor 3 (INSL3) production by fetal Leydig cells. This generally occurs after transab- 
dominal descent and is accompanied by a shortening and swelling or outgrowth of 
the gubernaculum that is thought to draw the testis closer to the internal ring and 
create space in the inguinal canal for the testis to pass. 

Transinguinal descent of the testis usually occurs between weeks 22 and 27 of 
gestation. During the inguinoscrotal phase of testis migration, intra-abdominal pres- 
sure is thought to provide the main driving force for descent. However, evidence in 
rodents suggests the genitofemoral nerve (GFN) produces calcitonin gene-related 
peptide (CGRP), which stimulates contractions in the muscle fibers in and around 
the gubernaculum, further propagating this stage of testicular descent [3]. 

During the inguinoscrotal phase, the processus vaginalis extends caudally as an 
outpouching of the parietal peritoneum, increasing in length as the testis descends to 
its final location. Upon completion of inguinoscrotal descent, the processus vaginalis 
closes off from the peritoneum, forming the tunica vaginalis of the testis. During the 
remainder of the pregnancy, much of the gubernacular tissue involutes as the testis 
settles in the dependent part of the scrotum between 32 weeks gestation and birth. 

There is contradictory evidence, and there are questions regarding gonadal 
descent and the applicability of animal models to human testicular development. It 
is unclear by what exact mechanisms androgens affect intra-abdominal descent in 
humans. INSL3 likely primarily promotes transabdominal descent by early effects 
on the gubernacular development, while androgens contribute to CSL regression. 
During inguinoscrotal descent, testosterone is thought to be the dominant factor 
resulting in masculinization of the GFN with subsequent gubernacular growth and 
contractions. While MIS was once thought to be the most important factor in trans- 
abdominal descent of the testis, now, there is conflicting evidence as to the impor- 
tance of MIS’ role in testicular descent [4]. Table 2.1 details a summary of key 
molecular factors driving male sexual differentiation and testicular descent. 


Clinical Correlation 

Testicular Dysgenesis Syndrome. Multiple studies have shown an increased 
incidence of testicular germ cell tumors in men with cryptorchidism and/or 
infertility [5, 6]. In 2001, Skakkebaek et al. proposed a unifying entity that 
includes undescended testes, male infertility, testicular cancer, and hypospa- 
dias. In this condition, called testicular dysgenesis syndrome (TDS), genetic 
defects and various environmental endocrine disruptors lead to poor testis tissue 
development. Subsequently, impaired germ cell differentiation leads to prob- 
lems with fertility and an increased risk of testicular cancer, while poor andro- 
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gen production by the testes leads to hypospadias and cryptorchidism [7 |. More 
recently, Kraft et al. found that in patients with suspected unilateral neonatal 
testicular torsion, the contralateral descended testes had more normal histologi- 
cal findings when compared to those in patients with unilateral undescended 
testis [8]. Their findings support the theory of a systemic/genetic cause for testis 
maldevelopment impairing bilateral testis development in TDS. Furthermore, 
the findings point to an important distinction for clinicians to consider when 
evaluating fertility in patients with a history of cryptorchidism: Patients with 
cryptorchidism due to torsion are likely to have much better function of the 
contralateral testis than those with cryptorchidism due to maldescent. 


Miillerian Formation/Regression/Remnants 


At approximately 6 weeks gestation, while the undifferentiated gonad is forming, 
an additional ridge of folded and thickened coelomic epithelium forms lateral to the 
gonad and mesonephric ducts, called the paramesonephric ducts or Miillerian ducts. 
The left and right paramesonephric ducts fuse inferiorly at the midline as they join 
the urogenital sinus. As one of the earliest phenotypically recognized signs of male 
and female development divergence, MIS production at gestational weeks 7—8 then 
initiates the degeneration of the paramesonephric ducts through weeks 8 and 9 of 
gestation. Shortly thereafter, the Miillerian ducts become insensitive to MIS [9], and 
two small remnants are left behind in males. 

The first paramesonephric remnant, the appendix testis, is typically located at the 
upper pole of the testis near the groove of the epididymis. Distally, the prostatic 
utricle remains as a small diverticulum of the urethra at the verumontanum of the 
prostatic urethra. Usually, it is of diminutive size, but rarely, it can form larger cysts 
or collections of urine, leading to ejaculatory duct obstruction, sexual or urinary 
dysfunction, hematospermia, or urinary tract infections [10]. 

In females, Sertoli cells do not form, MIS is not produced, and androgen levels 
remain low. Thus, the paramesonephric ducts persist, male internal and external 
structures do not develop, and the mesonephric ducts regress. The caudal, fused 
portions of the paramesonephric ducts form the proximal vagina and the uterus; the 
more cranial portions form the fallopian tubes, with the conical ends forming the 
openings to the peritoneum. In females, remnants of the mesonephric ducts form the 
nonfunctional epoophoron and paroophoron in the mesosalpinx. 


Vas Deferens, Epididymis, Prostate, and Seminal Vesicle Development 


Under the influence of testosterone, the mesonephric duct becomes the vas deferens 
by approximately 12 weeks gestation, with the epididymis forming from its testicu- 
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lar end. At the epididymis’ superior end, 12—20 efferent ductules persisting from the 
mesonephros extend toward the testes to meet the rete testis. The degenerated cra- 
nial end of the mesonephric duct often leaves a small remnant called the appendix 
epididymis. 

At 10-13 weeks gestation, testosterone induces the formation of the seminal 
vesicles from the caudal ends of the mesonephric ducts. The seminal vesicles and 
vasa deferentia then empty into the prostatic urethra through the ejaculatory ducts at 
the verumontanum. 

Unlike the mesodermal seminal vesicles, at approximately 10 weeks, the pros- 
tate and bulbourethral glands develop from the urogenital sinus as a branching out- 
growth of endodermal glandular epithelium into the surrounding mesenchyme 
(Fig. 2.2c). In prostate tissue, testosterone is converted by 5a-reductase to dihy- 
drotestosterone (DHT), which binds to the mesenchymal androgen receptors with 
an exceptionally high affinity and is the principal androgen driving gland develop- 
ment. Bidirectional interactions between mesenchyme and epithelium then allow 
development of the smooth muscle and glandular tissue of the prostate. 


Clinical Correlate 

Essentially all men with cystic fibrosis (CF) have congenital bilateral absence 
of the vas deferens (CBAVD), leading to obstructive azoospermia. This is 
linked to mutations of the cystic fibrosis transmembrane conductance regula- 
tor (CFTR) gene that is responsible for clinical CF and is thought to occur due 
to in utero obstruction due to thickened secretions with subsequent vasal dis- 
solution. Low-volume ejaculates (commonly defined as under 1.5 mL) occur 
in most of these men and result from concomitant defects of the seminal ves- 
icles, which normally produce the largest contribution to ejaculate volume. 
Phenotypically normal men presenting for infertility or azoospermia may be 
found to have CBAVD or unilateral absence of the vas deferens. In these men, 
the findings are usually linked to a clinically milder group of CFTR mutations 
or developmental abnormalities of the mesonephric duct or future vas defer- 
ens [11]. As the ureteric bud forms as a branch of the mesonephric duct, a 
subset of these men are at increased risk for renal agenesis, and they should 
be counseled and screened appropriately. 


External Genitalia/Penis 


The cloacal membrane initially extends from the umbilicus to the future caudal end 
of the fetus. Mesodermal cells infiltrate the cranial end of the cloaca to form the 
abdominal musculature and part of the bladder, and the caudal end covers the open- 
ing of the cloacal sinus. In the fifth week of gestation, mesenchymal cells collect at 
the lateral edges of the cloacal membrane to form cloacal folds around the sinus 
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Fig.2.4 Formation of the male and female external genitalia. Development of the external geni- 
talia (a) during the bipotential stages through 7 weeks gestation and upon differentiation to (b) 
male and (c) female phenotypes [15] 


opening. Anteriorly, the folds meet in the midline and form the genital tubercle. As 
the urorectal septum divides the urogenital sinus to form the perineum, it also 
divides the cloacal folds, resulting in the delineation of the anteriorly located uro- 
genital folds, from the more posterior anal folds. Additional swellings called the 
labioscrotal folds, or genital swellings, form on either side of the urogenital folds. 
At approximately 8 weeks gestation, the cloacal membrane ruptures to open the 
genital sinus and anus to the outside, and the forming genitalia still appear identical 
in males and females (Fig. 2.4a). 

At approximately 9 weeks gestation, the male differentiation of the external genitalia 
proceeds under the influence of androgens. Like prostate development, genital differen- 
tiation is mainly driven by DHT, which is converted from testosterone by 5ca.-reductase 
in the cells of the forming external genitalia. The genital tubercle lengthens to form the 
phallus and develops a urethral groove on its ventral side. The distal urethra develops in 
the forming glans penis from canalization of a solid epithelial urethral plate. More proxi- 
mally, the urethral groove is lined by endodermal tissue forming the urethral plate, and 
it is flanked by urethral folds that are contiguous with the urogenital folds (Fig. 2.4b). 
After the distal urethra is formed, ventral fusion of the endoderm-lined urethral folds 
forms the remainder of the penile urethra in a proximal to distal direction. 

The anogenital distance (AGD) elongates at approximately 9-10 weeks gesta- 
tion, and the labioscrotal folds migrate caudally and fuse below the phallus to form 
the scrotum. By 12—14 weeks gestation, the male genitalia are fully formed, though 
the phallus is of equivalent size to the female clitoris [9]. Subsequent growth of the 
external genitalia occurs mostly during the third trimester, and the testes usually 
reach their scrotal destination during the same time period. 

In females, the genital tubercle folds inward to become the clitoris, while the 
urethral folds form the labia minora, and the labioscrotal folds develop into the labia 
majora (Fig. 2.4c). 
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Clinical Correlate 

Abnormalities of the external genitalia can be indicators of developmental 
abnormalities that can affect fertility. Hypospadias and cryptorchidism may 
be signs of in utero androgen deficiency and global testicular dysfunction [7]. 
Similarly, micropenis is associated with Kallmann syndrome (idiopathic 
hypogonadotropic hypogonadism with anosmia) and Prader-Willi syndrome, 
as well as nonsyndromic congenital hypogonadotropic hypogonadism [12]. 
Shorter AGD is a marker for exposure to endocrine disruptors in animal stud- 
ies, and shorter AGD’s in humans has been correlated to decreased fatherhood 
and lower sperm concentrations [13]. 


Postnatal Development 


After birth, maternal and placental estrogens no longer suppress the hypogonadal 
production of gonadotropin-releasing hormone (GnRH) and pituitary gonadotropin 
production. This results in the second major surge of testicular testosterone produc- 
tion in male development. During infancy, this surge in testosterone is accompanied 
by a relatively rapid increase in seminiferous tubule volume and testicular size, fol- 
lowed by relatively little growth until 5 years of age [14]. Germ cells undergo some 
differentiation during this time as well, although most stages of spermatogenesis are 
delayed until puberty [15, 16]. 

Before puberty, adrenal androgens drive adrenarche or the development of the 
first signs of approaching puberty. At this time, boys often develop increased body 
and pubic hair, acne, and development of adult body odor. 

Male puberty occurs around age 12, although normal variants of onset range 
from age 9 to 14 years of age [17]. At the onset of puberty, increased GnRH pulsatil- 
ity drives a surge in LH levels and increases LH pulsatility, with a resultant increase 
in Leydig cell testosterone production. This is soon thereafter followed by increased 
FSH secretion, canalization and functionalization of seminiferous tubules, and 
Sertoli cell maturation with increased production of inhibin B, which serves as the 
principal factor in negative feedback regulation of FSH levels. Sperm production is 
driven by both FSH and testosterone, and the induction of the first cycle of sper- 
matogenesis is called gonadarche. This event results in the growth of testes, which 
is the first physical sign of male puberty. The increased testosterone then causes the 
appearance of male secondary sexual characteristics [18]. 

In addition to the maturation of gamete production, changes in the reproductive 
system seen at puberty include stimulation of libido, increase in penile length and 
girth, increased scrotal size, rugae and pigmentation of the scrotum, enlargement 
and increased fluid production by the prostate and accessory sex glands, and body 
hair changes including pubic hair growth and frontal scalp recession. 

The pubertal rise in testosterone marks the third and final surge in testicular 
androgen production, and levels continue to rise to peak adult levels, which are 
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reached around the third decade [18]. Throughout adulthood, testosterone maintains 
many of the changes that were induced during puberty. Beginning in the third decade 
of life, testosterone levels begin a gradual decline through the rest of life. Sex hor- 
mone-binding globulin levels rise with age, and the percentage of men with low 
fractions of free testosterone rises quickly after the fifth decade [19]. These events 
are accompanied by a decline in some aspects of reproductive and sexual function 
such as sperm production, rigidity of erections, and libido. 


Clinical Correlate 

Delayed puberty in males is usually defined as the absence of testicular 
enlargement by age 14. Most commonly, this is due to constitutional delay of 
growth and puberty (CDGP), which is a transient and largely benign condi- 
tion associated with low basal levels of LH and FSH. However, CDGP is a 
diagnosis of exclusion, and more serious conditions should be ruled out. 
Primary testicular failure (Klinefelter’s syndrome, gonadal dysgenesis) can be 
distinguished by elevated gonadotropin levels, and clinical signs can help 
detect pathologic causes of hypogonadotropic hypogonadism (systemic 
illnesses or infiltrating tumors of the pituitary). Thus far, no test can reliably 
distinguish CDGP from isolated hypogonadotropic hypogonadism [17]. 


Summary 


Male and female reproductive systems develop in close relation to the urinary tract. 
Until approximately 7 weeks gestation, the human embryo remains sexually bipo- 
tential. Subsequently, in males, testis-inducing factors cause differentiation from 
the default female phenotype. As the testis forms, testosterone and other androgens 
drive the formation of external genitalia and internal male reproductive structures, 
while other testicular factors cause regression of female reproductive organ precur- 
sors. Androgens play a role in the descent of the testicles from their origin in the 
upper abdomen down to their position in the scrotum. In the first trimester, germ 
cells enter an arrested phase of maturation. A surge of testosterone in the neonatal 
period plays a role in testicular development, but it is not until the largest androgen 
surge of puberty that gonadarche occurs with the onset of spermatogenesis. 
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Chapter 3 
Epidemiology and Diagnosis of Hypogonadism 


Mikkel Fode, Susanne A. Quallich, Yacov Reisman, Jens Sønksen, 
and Dana A. Ohl 


Abstract Testosterone production is dependent on the intact function of the hypo- 
thalamic—pituitary—gonadal axis. Primary hypogonadism stems from testicular dys- 
function and can arise from injury or chromosomal/genetic causes. Hypothalamic 
and/or pituitary failure cause secondary hypogonadism, most often as a result of 
chromosomal or genetic defects. Late-onset hypogonadism describes abnormally 
low testosterone in fully developed males. In the absence of a specific pathology, 
this is most likely caused by a combination of central and peripheral dysfunction. 
Late-onset hypogonadism is strongly associated with advanced age and components 
of the metabolic syndrome. 

Signs and symptoms of hypogonadism depend on the age of onset. Testosterone 
deficiency in utero can cause congenital malformations of the reproductive tract, 
which in the most severe cases can result in a female phenotype. Hypogonadism in 
adolescence can result in failure to undergo a normal pubertal development, includ- 
ing disturbances in the development of male secondary sexual characteristics. Late- 
onset hypogonadism produces symptoms, including reduced libido, erectile 
dysfunction, and decreased energy levels and decreased vitality. The diagnosis of 
hypogonadism relies on a combination of patient history, physical examination, and 
laboratory values. 
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Abbreviations 


BMI Body mass index 

FSH Follicle-stimulating hormone 
GnRH = Gonadotropin-releasing hormone 
HIM Hypogonadism in Males 

HPG Hypothalamic—pituitary—gonadal 
LH Luteinizing hormone 

MMAS Massachusetts Male Aging Study 
SHBG Sex hormone-binding globulin 


Introduction 


Testosterone is the most important androgen in males, and 95 % of secreted testos- 
terone is secreted by the Leydig cells in the testis. The remaining testosterone is 
secreted from the adrenal glands. Testicular testosterone production is dependent on 
pulsatile production of gonadotropin-releasing hormone (GnRH) and luteinizing 
hormone (LH) from the hypothalamus and the pituitary gland, respectively. In the 
bloodstream, testosterone appears either unbound (approximately 2 % of the total 
amount) or bound to sex hormone-binding globulin (SHBG) or albumin. In male 
hypogonadism, testosterone levels are diminished to such a degree that it negatively 
affects normal androgen-dependent functions. Hypogonadism can arise with defects 
on any level of the hypothalamic—pituitary—gonadal (HPG) axis. Dysfunction on the 
testicular level is called primary hypogonadism, or hypergonadotropic hypogonad- 
ism because it may present with elevated levels of the gonadotropins, due to the lack 
of testicular testosterone production, leading to a pituitary response to rectify the 
situation. LH and follicle-stimulating hormone (FSH) may rise is this situation. The 
term secondary hypogonadism is used to describe low testosterone levels caused by 
disorders of the hypothalamus and/or the pituitary gland. These disorders are termed 
hypogonadotropic hypogonadism because gonadotropins (LH and FSH) are typi- 
cally low. Disorders of central and peripheral parts of the HPG axis can coexist. 
Hypogonadism can be present in utero or arise at anytime thereafter. The clinical 
picture is very similar in primary and secondary hypogonadism. However, signs and 
symptoms vary significantly with age of onset of hypogonadism as testosterone 
plays important roles in both fetal development and in maturation of secondary 
male characteristics. An alternative classification divides hypogonadism into fetal 
hypogonadism (very early onset hypogonadism), prepubertal/peri-pubertal hypogo- 
nadism (early onset hypogonadism) and late-onset hypogonadism. Late-onset 
hypogonadism is defined as persistent low testosterone levels in men who have 
already gone through pubertal development and suffer a decline in testosterone that 
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is recognized as they age. This decline is in excess of the natural decline that is 
anticipated as men age beyond 50. 


Primary Hypogonadism 


Testicular failure can arise from direct testicular injury including trauma, surgery, 
torsion, infection/inflammation, as well as toxins and systemic diseases. Treatment 
for testicular tumors with chemotherapy and/or radiotherapy can result in testoster- 
one deficiency [1, 2]. Primary hypogonadism can also be congenital because of 
maldescended or ectopic testes and anorchia, or can be due to genetic causes and 
chromosome abnormallities. 

The most common chromosomal abnormality impacting testosterone production 
is Klinefelter’s syndrome (primarily with a 47, XX Y karyotype), which is present in 
approximately 1 in 500 males [3-5]. Klinefelter’s syndrome typically includes 
small, firm testes with impaired spermatogenesis and a low to normal testosterone 
production which tends to decline with age [5—7]. Other chromosomal abnormali- 
ties associated with primary hypogonadism include XX males (prevalence of 1 in 
10,000-—20,000), and XYY males (prevalence of 1 in 2,000) [8]. Furthermore, an 
array of genetic mutations can cause gonadal dysgenesis, Leydig cell hypoplasia, 
LH receptor dysfunction, defects in enzymes necessary for testosterone production, 
or impairment of testosterone action in the target tissues (mutations of the androgen 
receptor gene or congenital defect of the 5-a reductase enzyme) [9]. When a com- 
plete lack of testosterone secretion or action is present from birth, the external geni- 
talia are fully feminine. These patients are rare (estimated prevalence of androgen 
resistance syndrome between 1:20,000—1:60,000 newborns) and are usually diag- 
nosed at a young age by pediatricians. If their external genitalia are ambiguous, a 
urologist can be involved in reconstructive surgery of the external genitalia for sex 
assignment or reassignment. 


Secondary Hypogonadism 


Secondary hypogonadism is caused by insufficient gonadotropin production to 
stimulate the testes to produce testosterone. This can originate from insufficient 
GnRH production from the hypothalamus or insufficient LH/FSH production from 
the pituitary gland. Hypothalamic hypogonadism is most often a consequence of 
genetic mutations but can also be idiopathic [10]. Etiologies include Kallmann’s 
syndrome and Prader—Willi syndrome. 

Kallmann’s syndrome is caused by mutations in genes necessary in normal fetal 
development of the hypothalamus and olfactory bulbs, and patients suffer from a com- 
bination of hypogonadotropic hypogonadism and anosmia [11]. Prader-Willi syn- 
drome is caused by mutations within paternal chromosome 15 and can cause infantile 
hypotonia, obesity, and varying degrees of mental retardation as well as hypogonado- 
tropic hypogonadism [12]. Other hypothalamic etiologies include mutations in the 
Dax1 gene, located on the X chromosome, which can cause hypogonadism and 
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adrenal hypoplasia [13] and mutations in the PC1 or convertase-1 gene, which causes 
hypogonadism in conjunction with obesity and diabetes [14]. 

Mutations in the GnRH receptor gene can cause a spectrum of dysfunction span- 
ning from partial to complete hypogonadism [15]. The prevalence of congenital 
hypogonadotropic hypogonadism is estimated to be approximately 1:10,000 (nor- 
mosmic or with anosmia). 

Disruptions of GnRH production and release can be caused by acquired hypotha- 
lamic disease such as tumors or hemochromatosis. Hemochromatosis can also affect 
the testis and cause primary hypogonadism [16]. On the pituitary level, genetic 
mutations also play a role and can result in diminished production of LH/FSH, in 
the production of inactive hormones, or in dysfunction of receptors and/or their 
intracellular signal pathways [17—19]. Pituitary masses can cause problems in 
gonadotropin release either by directly decreasing LH/FSH production and secre- 
tion or by compromising the pituitary GnRH supply by compression of the hypo- 
physial portal bloodstream. Excessive amounts of prolactin from prolactin-secreting 
pituitary adenomas can suppress GnRH production. 


Late-Onset Hypogonadism (Testosterone Deficiency Syndrome) 


Late-onset hypogonadism is defined based on the finding that a large group of mid- 
dle aged men have testosterone levels below the normal reference range and that 
testosterone levels decline with age in population based studies [20]. Cross-sectional 
and longitudinal data have shown that testosterone levels decline by 0.4-2.0 % per 
year after the age of 40 [21-24]. The diagnosis of hypogonadism requires typical 
symptoms caused by deficiency in serum testosterone levels including sexual dys- 
function, mood changes, sleep disturbances, decreased muscle mass, and osteopo- 
rosis [20]. Generally, decreased androgen levels are not considered of clinical 
significance in the absence of symptoms [25]. 

Overall rates of late-onset hypogonadism vary greatly in the literature, and it is 
important to be aware that both critical values for testosterone and symptoms required 
for diagnosis differ across studies. There is no definitive consensus in this area [26]. 


Hypogonadism and Age 


The Baltimore Longitudinal Study on Aging, (Harman et al.), found that total tes- 
tosterone levels were below normal, defined as 325 ng/dl, for very few men below 
the age of 49 rising to 12, 19, 28, and 49 % for men in their 50s, 60s, 70s, and 80s, 
respectively [27]. This study did not assess the prevalence of hypogonadal symp- 
toms. With data from the Massachusetts Male Aging Study (MMAS), Araujo et al. 
found that 25.3 % of men between 40 and 69 years of age had total testosterone 
levels below 400 ng/dl (13.88 nmol/l) and that 19.4 % of men had low free testos- 
terone (<8.91 ng/dl; 0.3092 nmol/l) [28]. Using a definition of testosterone deficiency 
with at least three specific symptoms and either a total testosterone level of less than 
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200 ng/dl (6.94 nmol/l), or a total testosterone of 200—400 ng/dl (6.04—13.88 nmol/l) 
combined with a free testosterone level of less than 8.91 ng/dl (0.3092 nmol/l), the 
prevalence of testosterone deficiency was 6 % in the group. At follow-up in the 
same group of men 8 years later, the prevalence had risen to 12.3 %. 

The Boston Area Community Health Survey estimated that 24 % of men between 
30 and 79 years of age had total testosterone levels below a normal limit defined as 
300 ng/dl, and 11 % of subjects had low free testosterone (defined as less than 5 ng/ 
dl) [29]. However, most of these patients were found to be asymptomatic. The overall 
prevalence of subjects with biochemical hypogonadism and at least one symptom 
considered specific for hypogonadism by the Clinical Practice Guideline by The 
Endocrine Society [30] (low libido, ED, or osteoporosis), or two or more symptoms 
considered nonspecific (sleep disturbance, depressed mood, lethargy, or low physical 
performance), was 5.6 % (95 % confidence interval: 3.6 %, 8.6 %). This prevalence 
increased markedly with age and was as high as 18.4 % among 70-year-olds. 

The European Male Aging Study recently found that approximately 23 % of men 
above 40 years of age and without known pituitary, testicular, or adrenal diseases 
suffer from some form of biochemically defined hypogonadism and have an increased 
likelihood of suffering from sexual and physical symptoms. The incidence of low 
testosterone increased with age [31]. However, in a subsequent publication, the same 
study group argues that late-onset hypogonadism should only be diagnosed in men 
with low testosterone and the three sexual symptoms of decreased sexual interest, 
decreased morning erections, and erectile dysfunction [32]. With these criteria, only 
2.1 % of men from the same group suffered from late-onset hypogonadism [33]. 

In the Hypogonadism in Males (HIM) Study, Mulligan et al. estimated that 
approximately 40 % of American men above 45 years of age were hypogonadal 
from a biochemical standpoint [34]. For every 10-year increase in age, a patient’s 
risk of hypogonadism increased by 17 % (95 % CI: 8 %—27 %). Overall, two-thirds 
of men in this study with low testosterone were considered symptomatic, meaning 
that the proportion of men with late-onset hypogonadism was around 25 %. The 
differences in incidence may represent a difference in study populations but could 
also represent differences in testosterone measurement. 

Testosterone levels are generally highest upon awakening and decline during the 
day. As the HIM study allowed blood to be drawn until 12:00 p.m., this could 
account for some of the increased incidence of reported hypogonadism. The HIM 
study used an interview to assess symptoms of hypogonadism rather than validated 
questionnaires, and the reported incidence of symptomatic patients includes patients 
with only one (either specific or non-specific) symptom. This may, in part, explain 
the high incidence of late-onset hypogonadism in the HIM study. 


Comorbidities Influencing Testosterone 


In addition to the influence of age, a decline in testosterone in the absence of specific 
hypothalamic/pituitary or testicular pathologies is closely related to certain comor- 
bidities such as obesity, insulin resistance, dyslipidemia, and hypertension. These 
are the same issues generally regarded as components of the metabolic syndrome 
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[35-37], which is associated with a significantly increased incidence of cardiovas- 
cular diseases and type 2 diabetes mellitus [38]. The association between compo- 
nents of metabolic syndrome and low testosterone is well established, even though 
there are some discrepancies between studies as to which specific elements the 
hypogonadism relates. In a population-based study of 1,896 nondiabetic, middle- 
aged men, Laaksonen et al. found that low testosterone levels (both total and free) 
and low SHBG levels were strongly associated with the presence of the metabolic 
syndrome. After adjusting for age and body mass index (BMI), testosterone levels 
were still inversely associated with the remaining components of metabolic syn- 
drome while positively associated with high-density lipoprotein cholesterol [39]. 
The same study group later found that total testosterone and SHBG levels in the 
lower fourth of the study population independently predicted the development of 
the metabolic syndrome over time [40]. This finding has been confirmed by other 
studies [41, 42]. 

Chubb et al. studied men of at least 70 years of age without known diabetes and 
found that low SHBG was associated with all five components of metabolic syn- 
drome, low total testosterone was associated with all except hypertension, and low 
free testosterone was associated only with waist circumference and triglycerides 
[43]. In a multivariate analysis, both low total testosterone and especially low SHBG 
remained associated with metabolic syndrome, with odds ratios of 1.34 (95 % CI: 
1.18-1.52) and 1.77 (95 % CI: 1.53-2.06), respectively. Several other studies have 
confirmed an association between type 2 diabetes and low testosterone levels after 
adjustment for other risk factors [44-46]. Data from the MMAS showed that obese 
men had a greater decline of both total and free testosterone levels with time [47— 
49]. Lower levels of total testosterone and SHBG, as well as the presence of symp- 
tomatic testosterone deficiency, were predictive for the development of the metabolic 
syndrome [50]. This predictor was particularly strong in men with a BMI below 
25 kg/m’. There was no association between free testosterone and development of 
the metabolic syndrome. 

Data from the European Male Aging Study showed that BMI was the most 
important single determinant for total testosterone and that a BMI-defined category 
change from non-obese to obese was equivalent to a 15-year fall in testosterone 
levels. The presence of comorbidities including heart conditions, hypertension, and 
diabetes also influenced testosterone levels negatively [21]. A similar association 
was found in the Boston Area Community Health Survey, where waist circumfer- 
ence seemed to be the most important contributor to both low testosterone and 
symptoms of androgen deficiency. A 10-year increase in age was associated with a 
36 % increase in odds of symptomatic testosterone deficiency, while a 10-cm 
increase in waist circumference was associated with an 88 % increase in odds of 
symptomatic testosterone deficiency [51]. Men with symptomatic testosterone 
deficiency were less physically active, had more cardiac morbidity, and had higher 
blood pressure compared to asymptomatic men with normal or low testosterone. 

Orwoll et al. found that testosterone levels were reduced in men with greater 
BMI and poor self-reported health [24], while data from the Baltimore Longitudinal 
Study on Aging found that total testosterone, but not free testosterone index, 
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decreased with increasing BMI [27]. Mulligan et al. found increased odds ratios for 
having hypogonadism in men with hypertension (1.84), hyperlipidemia (1.47), dia- 
betes (2.09), obesity (2.38), prostate disease (1.29), and asthma or chronic obstruc- 
tive pulmonary disease (1.40) compared to men without these conditions [34]. 

A meta-analysis of the literature confirmed that both testosterone and SHBG 
were reduced in subjects with a diagnosis of the metabolic syndrome and found that 
testosterone levels tended to decline as the number of metabolic syndrome compo- 
nents increased [52]. This meta-analysis also showed that these differences in total 
testosterone were most pronounced in cross-sectional studies, with a high preva- 
lence of type 2 diabetes. 


Hypogonadism and Cardiovascular Disease 


The association between hypogonadism and cardiovascular disease is of great clini- 
cal interest. The subject is a matter of debate, and conflicting results exist in the 
literature. In a prospective, population-based study of 794 men, aged 50-91, 
Laughlin et al. found that low testosterone predicted an increased risk of both all- 
cause mortality and specific cardiovascular mortality over a follow-up period of 
20 years [53]. The link has been observed in several studies [54—56], and the asso- 
ciation between low testosterone and vascular disease is further supported in a pro- 
spective observational study of 3,443 older men, which showed that low testosterone 
predicted increased incidence of stroke or transient ischemic attack [57]. 

However, several other studies have not been able to confirm the association 
[58—63]. Furthermore, data from the Massachusetts Male Aging Study suggested 
that higher — not lower — levels of free testosterone were associated with ischemic 
heart disease mortality [64]. In a recent meta-analysis of community-based studies 
(11 for all-cause mortality and 7 for cardiovascular mortality), low testosterone 
levels were found to be associated with increased risk of all-cause mortality as well 
as cardiovascular mortality with a 35 % and a 25 % increased risk of all-cause and 
cardiovascular disease mortality, respectively. However, considerable inter-study 
heterogeneity was observed; therefore, the results should be interpreted with 
caution [65]. 

A possible explanation may be found in an observational study of 1,475 men 
suffering from erectile dysfunction. Low total testosterone levels were found to be 
associated with the subsequent cardiovascular mortality but not morbidity [66] sug- 
gesting that low testosterone may not be the cause of cardiovascular disease but that 
men with testosterone deficiency may have greater difficulties overcoming serious 
illness. This theory is supported by the finding that low testosterone levels is associ- 
ated with frailty in elderly men [67]. 

Adding to the uncertainty is the controversy of whether androgen deprivation 
causes cardiovascular morbidity and mortality. Trials of men undergoing androgen 
deprivation for high-risk prostate cancer show conflicting results, and a recent meta- 
analysis did not find an increased risk of cardiovascular morbidity and mortality 
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with androgen deprivation [68]. However, patients in the included trials were gener- 
ally at low cardiovascular risk, and studies looking at high cardiovascular risk 
patients did find detrimental effects of androgen deprivation on their cardiovascular 
outcomes in this subgroup [69, 70]. 


Pathophysiology of Late-Onset Hypogonadism 


The pathophysiology of late-onset hypogonadism is not fully understood. The back- 
ground for an age-dependent decrease in testosterone is thought to stem from mixed 
dysfunction of the HPG axis, as the levels of gonadotropins vary [71]. Furthermore, 
Leydig cell function seems to decrease with age as testosterone has been shown to 
increase less in older men (age 60-78 years) compared to young men (age 
20-34 years) in spite of similar levels of GnRH and LH when treated with pulsatile 
GnRH [71]. 

In regard to obesity and other aspects of metabolic syndrome, the relationship 
with testosterone is most likely complex. Some evidence points to low testosterone 
as the cause of metabolic disturbances [40, 47, 50], while other evidence suggests 
that low testosterone may be a consequence of such disturbances [72, 73]. It is pos- 
sible that the relationship is bidirectional and represents a vicious cycle. Because 
SHBG production in the liver is reduced with obesity and metabolic syndrome [43] 
and because total testosterone correlates positively with serum SHBG [74], part of 
the obesity-induced reduction in total testosterone could be an indirect effect of 
reduced SHBG levels. This would potentially explain why free testosterone seems 
to be less affected than total testosterone in several of the studies mentioned above. 
Another cause of reduced testosterone with obesity could be an increase in estrogen, 
as aromatase activity in adipose tissue can convert testosterone to estrogens [75]. 
An increase in this conversion would not only reduce testosterone levels directly, 
but the estrogens would also suppress any compensatory gonadotropin secretion by 
negative feedback. 

Other contributing factors may include increases in leptin levels caused by obe- 
sity and low-grade inflammation in conjunction with type 2 diabetes, as both may 
affect the HPG axis [76-80]. Finally, increased low pelvic or scrotal fat has been 
implicated in raising testicular temperature, which could potentially lead to a 
decrease in testosterone production [81]. 


Diagnosis of Hypogonadism 


As with most medical conditions, the diagnosis of hypogonadism relies heavily on 
patient history, physical examination, and laboratory values. 

The clinical picture varies depending on age of onset and existing comorbidities 
and varies between individual patients. Symptoms are similar regardless of etiology, 
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which means that diagnostic imaging can be relevant in special cases, such as with 
suspected pituitary tumor. It is important to note that while asymptomatic men may 
have low serum testosterone concentrations, a diagnosis of late-onset hypogonad- 
ism should only be made in the presence of clinical symptoms [20, 30]. 


Patient History and Physical Examination 


Fetal testosterone is necessary for normal development of the external male genita- 
lia. Testosterone deficiency in utero can cause congenital malformations of the 
reproductive tract, which in the most severe cases can result in a female phenotype 
with intra-abdominal testes. Other defects include small testes, hypospadias, cryp- 
torchidism, and micropenis [9]. In mild cases, there may be a normal phenotype at 
birth with infertility presenting later in life. 

When hypogonadism occurs in infancy, very few clinical symptoms can be 
observed as infancy is characterized by quiescent testes. Depending on the different 
causes and severity, hypogonadism in the peri-pubertal age induces a complete or 
incomplete failure to undergo a normal pubertal development, including distur- 
bances in the testosterone-driven development of male secondary sexual character- 
istics. Physical signs include lack of penile growth, no development of genital and 
facial hair, a high pitched voice, and a decreased development of both muscle and 
bone mass and sometimes gynecomastia [9]. 

When late-onset hypogonadism presents in fully developed males, it produces 
nonspecific symptoms, which may not be readily recognized. The most common 
symptom is reduced libido, often accompanied by a reduction in erectile function 
[20]. Other symptoms include hot flashes, reduced energy levels and vitality, 
decreases in muscle strength and bulk, depressed mood, infertility, and possibly 
impaired cognitive function. None of these symptoms are specific but should ini- 
tially serve to alert the clinician of possible late-onset hypogonadism. 

A range of questionnaires have been developed to aid in the diagnosis of hypogo- 
nadism. The specificity of all of these questionnaires is low [82, 83]. 

The man’s history is important and the clinician should ask about present and 
previous systemic illnesses, as well as any use of legal and/or illegal drugs including 
testosterone or anabolic steroids [9, 20]. It is important to note that acute illness can 
cause a reversible decrease in testosterone levels and that men on long-term opioid 
therapy for chronic pain conditions may be at risk for hypogonadism. 

The physical examination should include measurement of BMI and assessment 
of abdominal obesity, distribution of body hair, and signs of gynecomastia. An 
examination of the external genitalia should be performed along with measurement 
of testicular size, either with an orchidometer or by ultrasound [9, 20]. The clinician 
should also be aware of cardiovascular risk factors and other components of the 
metabolic syndrome that may affect the incidence of hypogonadism, including 
hypertension, dyslipidemia, and insulin resistance, as well as type 2 diabetes. It is 
important to be aware that hypogonadism may result in osteoporosis. 


34 M. Fode et al. 
Laboratory Values 


There is much controversy regarding what levels of serum testosterone should be 
considered normal. Evidence suggests that testosterone sensitivity differs between 
individuals, which may mean that the same levels of androgens can have a very differ- 
ent effect in different individuals [84]. There seems to be an age-dependent decline in 
testosterone levels and it is possible that age-specific reference ranges would be appro- 
priate. At present, normal ranges for all individuals are based on the expected values 
seen in young men [26]. To complicate things further, the hormones from the three 
components of the HPG axis constitute an equilibrium as they affect each other, and 
testosterone can be found in a free form or be bound to either SHBG or to albumin. 

In clinical practice, and in conjunction with Endocrine Society Guidelines, an assess- 
ment of total testosterone is normally used, while calculation [85] or measurement of 
free testosterone can be used when there is doubt about the diagnosis. Due to diurnal 
fluctuations in testosterone levels, a measurement of total testosterone should be obtained 
between 7:00 and 11:00 a.m., on at least two measurements [86]. There is no consensus 
on the exact levels of testosterone that defines hypogonadism, but a level above 12 nmol/l 
(350 ng/dl) can generally be considered normal, while a level below 8 nmol/l (230 ng/ 
dl) is in the hypogonadal range [32, 87, 88]. A total serum testosterone level between 
these two values is considered a borderline case, and a measurement of free testosterone 
can be of benefit. This can be done by measurement of total testosterone along with 
SHBG and albumin levels from which free testosterone can be calculated [85, 89-91]. 
Alternatively, a direct measurement of free testosterone can be performed. However, 
commercially available immunoassays are imprecise, and the more accurate liquid chro- 
matography mass spectrometry-based measurements are expensive as well as techni- 
cally challenging. As with total testosterone, there is no consensus on the exact values of 
normal levels of free testosterone, but a cutoff point around 240 pmol/l may be appropri- 
ate [87]. A different approach in patients with borderline testosterone values is a diag- 
nostic trial of therapy. Here, patients are offered testosterone treatment for a limited time, 
and if they seem to have a clinical benefit within a few months, it is assumed that their 
initial testosterone value represented a hypogonadal state. This method is, however, 
limited by the potential placebo effect on parameters such as libido and erectile function, 
and it is generally not mentioned in official guidelines [9, 20, 30]. 

If testosterone levels are decreased without an evident cause, LH levels should be 
assessed to detect hypothalamic and/or pituitary disease. This is especially relevant 
in younger, non-obese patients. If hypogonadotropic hypogonadism is detected, a 
prolactin level should be obtained to rule out hyperprolactinemia, and pituitary 
imaging should be performed. 


Conclusion 


Identification of hypogonadism can be challenging, as the symptoms are varied and 
nonspecific, and the laboratory results can be unclear. Determining appropriate can- 
didates for treatment can also be controversial in the face of clear treatment goals. 
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However, identification of hypogonadism can help prevent long-term consequences 
of other comorbidities, such as osteoporosis and loss of strength, while improving a 
patient's quality of life. 


References 


f, 
2. 
3. 
4. 


3. 
. Gordon DL, et al. Pathologic testicular findings in Klinefelter’s syndrome. 47,XXY vs 


20. 


21. 


22. 


Nord C, et al. Gonadal hormones in long-term survivors 10 years after treatment for unilateral 
testicular cancer. Eur Urol. 2003;44(3):322-8. 

Eberhard J, et al. Risk factors for post-treatment hypogonadism in testicular cancer patients. 
Eur J Endocrinol. 2008; 158(4):561—70. 

Bojesen A, Juul S, Gravholt CH. Prenatal and postnatal prevalence of Klinefelter syndrome: a 
national registry study. J Clin Endocrinol Metab. 2003;88(2):622-6. 

De Braekeleer M, Dao TN. Cytogenetic studies in male infertility: a review. Hum Reprod. 
1991;6(2):245—S0. 

Smyth CM, Bremner WJ. Klinefelter syndrome. Arch Intern Med. 1998;158(12):1309-14. 


46,XY-47,XXY. Arch Intern Med. 1972;130(5):726-9. 


. Wang C, et al. Hormonal studies in Klinefelter’s syndrome. Clin Endocrinol (Oxf). 


1975;4(4):399-411. 


. Brugh 3rd VM, Lipshultz LI. Male factor infertility: evaluation and management. Med Clin 


North Am. 2004;88(2):367-85. 


. Dohle GR, Arver S, Bettocchi C, Kliesch S, Punab M, de Ronde W. Guidelines on male hypog- 


onadism. Uroweb. 2012. Available athttp://www.uroweb.org/gls/pdf/16_Male_Hypogonadism_ 
LR%20II-pdf. Accessed on April Ist 2012. 


. Seminara SB, et al. Genetics of hypogonadotropic hypogonadism. J Endocrinol Invest. 


2000;23(9):560—S. 


. Franco B, et al. A gene deleted in Kallmann’s syndrome shares homology with neural cell 


adhesion and axonal path-finding molecules. Nature. 1991;353(6344):529-36. 


. Smeets DF, et al. Prader-Willi syndrome and Angelman syndrome in cousins from a family 


with a translocation between chromosomes 6 and 15. N Engl J Med. 1992;326(12):807-11. 


. Burris TP, Guo W, McCabe ER. The gene responsible for adrenal hypoplasia congenita, DAX- 


1, encodes a nuclear hormone receptor that defines a new class within the superfamily. Recent 
Prog Horm Res. 1996;51:241-59; discussion 259-60. 


. Jackson RS, et al. Obesity and impaired prohormone processing associated with mutations in 


the human prohormone convertase | gene. Nat Genet. 1997;16(3):303-6. 


. Layman LC, et al. Mutations in gonadotropin-releasing hormone receptor gene cause hypogo- 


nadotropic hypogonadism. Nat Genet. 1998;18(1):14—5. 


. Bhasin S. Approach to the infertile man. J Clin Endocrinol Metab. 2007;92(6):1995—2004. 
. Weiss J, et al. Hypogonadism caused by a single amino acid substitution in the beta subunit of 


luteinizing hormone. N Engl J Med. 1992;326(3):179-83. 


. Wu SM, et al. Luteinizing hormone receptor mutations in disorders of sexual development and 


cancer. Front Biosci. 2000;5:D343-—52. 


. Simoni M, et al. Mutational analysis of the follicle-stimulating hormone (FSH) receptor in 


normal and infertile men: identification and characterization of two discrete FSH receptor 
isoforms. J Clin Endocrinol Metab. 1999;84(2):751-S. 

Wang C, et al. Investigation, treatment, and monitoring of late-onset hypogonadism in males: 
ISA, ISSAM, EAU, EAA, and ASA recommendations. Eur Urol. 2009;55(1):121-30. 

Wu FC, et al. Hypothalamic-pituitary-testicular axis disruptions in older men are differentially 
linked to age and modifiable risk factors: the European Male Aging Study. J Clin Endocrinol 
Metab. 2008;93(7):2737-45. 

Gray A, et al. Age, disease, and changing sex hormone levels in middle-aged men: results of 
the Massachusetts Male Aging Study. J Clin Endocrinol Metab. 1991;73(5):1016—25. 


36 


23. 


24. 


25. 


26. 


21, 


28. 


29. 


30. 


31. 


32; 


33. 


34. 


35. 


36. 


37; 


38. 


39. 


40. 


41. 


42. 


43. 


M. Fode et al. 


Feldman HA, et al. Age trends in the level of serum testosterone and other hormones in 
middle-aged men: longitudinal results from the Massachusetts male aging study. J Clin 
Endocrinol Metab. 2002;87(2):589-98. 

Orwoll E, et al. Testosterone and estradiol among older men. J Clin Endocrinol Metab. 
2006;91(4):1336—-44. 

Kaufman JM, Vermeulen A. The decline of androgen levels in elderly men and its clinical and 
therapeutic implications. Endocr Rev. 2005;26(6):833-76. 

Corona G, et al. Update in testosterone therapy for men. J Sex Med. 2011;8(3):639-54; 
quiz 655. 

Harman SM, et al. Longitudinal effects of aging on serum total and free testosterone levels in 
healthy men. Baltimore Longitudinal Study of Aging. J Clin Endocrinol Metab. 2001; 
86(2):724-31. 

Araujo AB, et al. Prevalence and incidence of androgen deficiency in middle-aged and older 
men: estimates from the Massachusetts Male Aging Study. J Clin Endocrinol Metab. 
2004;89(12):5920-6. 

Araujo AB, et al. Prevalence of symptomatic androgen deficiency in men. J Clin Endocrinol 
Metab. 2007;92(11):4241-7. 

Bhasin S, et al. Testosterone therapy in men with androgen deficiency syndromes: an Endocrine 
Society clinical practice guideline. J Clin Endocrinol Metab. 2010;95(6):2536-59. 

Tajar A, et al. Characteristics of secondary, primary, and compensated hypogonadism in aging 
men: evidence from the European Male Ageing Study. J Clin Endocrinol Metab. 
2010;95(4):1810-8. 

Wu FC, et al. Identification of late-onset hypogonadism in middle-aged and elderly men. 
N Engl J Med. 2010;363(2):123-35. 

Tajar A, et al. Characteristics of androgen deficiency in late-onset hypogonadism: results from 
the European Male Aging Study (EMAS). J Clin Endocrinol Metab. 2012;97(5): 1508-16. 
Mulligan T, et al. Prevalence of hypogonadism in males aged at least 45 years: the HIM study. 
Int J Clin Pract. 2006;60(7):762-9. 

National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and 
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III). Third Report of 
the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, 
and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel II) final report. 
Circulation. 2002; 106(25):3 143-421. 

Einhorn D, et al. American College of Endocrinology position statement on the insulin resis- 
tance syndrome. Endocr Pract. 2003;9(3):237-52. 

Alberti KG, Zimmet P, Shaw J. Metabolic syndrome —a new world-wide definition. A Consensus 
Statement from the International Diabetes Federation. Diabet Med. 2006;23(5):469-80. 
Alberti KG, et al. Harmonizing the metabolic syndrome: a joint interim statement of the 
International Diabetes Federation Task Force on Epidemiology and Prevention; National 
Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation; 
International Atherosclerosis Society; and International Association for the Study of Obesity. 
Circulation. 2009;120(16): 1640-5. 

Laaksonen DE, et al. Sex hormones, inflammation and the metabolic syndrome: a population- 
based study. Eur J Endocrinol. 2003;149(6):601-8. 

Laaksonen DE, et al. Testosterone and sex hormone-binding globulin predict the metabolic 
syndrome and diabetes in middle-aged men. Diabetes Care. 2004;27(5):1036-41. 

Haring R, et al. Prediction of metabolic syndrome by low serum testosterone levels in men: 
results from the study of health in Pomerania. Diabetes. 2009;58(9):2027-31. 

Rodriguez A, et al. Aging, androgens, and the metabolic syndrome in a longitudinal study of 
aging. J Clin Endocrinol Metab. 2007;92(9):3568-72. 

Chubb SA, et al. Lower sex hormone-binding globulin is more strongly associated with meta- 
bolic syndrome than lower total testosterone in older men: the Health in Men Study. Eur J 
Endocrinol. 2008;158(6):785—92. 


44. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


Epidemiology and Diagnosis of Hypogonadism 37 


Barrett-Connor E, Khaw KT, Yen SS. Endogenous sex hormone levels in older adult men with 
diabetes mellitus. Am J Epidemiol. 1990;132(5):895-901. 


. Chang TC, Tung CC, Hsiao YL. Hormonal changes in elderly men with non-insulin-dependent 


diabetes mellitus and the hormonal relationships to abdominal adiposity. Gerontology. 
1994;40(S):260-7. 

Defay R, et al. Hormonal status and NIDDM in the European and Melanesian populations of 
New Caledonia: a case-control study The CALedonia DIAbetes Mellitus (CALDIA) Study 
Group. Int J Obes Relat Metab Disord. 1998;22(9):927-34. 

Derby CA, et al. Body mass index, waist circumference and waist to hip ratio and change in 
sex steroid hormones: the Massachusetts Male Ageing Study. Clin Endocrinol (Oxf). 
2006;65(1):125-31. 

Travison TG, et al. The relative contributions of aging, health, and lifestyle factors to serum 
testosterone decline in men. J Clin Endocrinol Metab. 2007;92(2):549-S5. 

Mohr BA, et al. The effect of changes in adiposity on testosterone levels in older men: longitudi- 
nal results from the Massachusetts Male Aging Study. Eur J Endocrinol. 2006;155(3):443-52. 
Kupelian V, et al. Low sex hormone-binding globulin, total testosterone, and symptomatic 
androgen deficiency are associated with development of the metabolic syndrome in nonobese 
men. J Clin Endocrinol Metab. 2006;91(3):843-50. 

Hall SA, et al. Correlates of low testosterone and symptomatic androgen deficiency in a popu- 
lation-based sample. J Clin Endocrinol Metab. 2008;93(10):3870-7. 

Corona G, et al. Testosterone and metabolic syndrome: a meta-analysis study. J Sex Med. 
2011;8(1):272-83. 

Laughlin GA, Barrett-Connor E, Bergstrom J. Low serum testosterone and mortality in older 
men. J Clin Endocrinol Metab. 2008;93(1):68-75. 

Khaw KT, et al. Endogenous testosterone and mortality due to all causes, cardiovascular dis- 
ease, and cancer in men: European prospective investigation into cancer in Norfolk (EPIC- 
Norfolk) Prospective Population Study. Circulation. 2007;116(23):2694—-701. 

Haring R, et al. Low serum testosterone levels are associated with increased risk of mortality 
in a population-based cohort of men aged 20-79. Eur Heart J. 2010;31(12):1494—SO1. 

Menke A, et al. Sex steroid hormone concentrations and risk of death in US men. Am J 
Epidemiol. 2010;171(5):583-92. 

Yeap BB, et al. Lower testosterone levels predict incident stroke and transient ischemic attack 
in older men. J Clin Endocrinol Metab. 2009;94(7):2353-9. 

Barrett-Connor E, Khaw KT. Endogenous sex hormones and cardiovascular disease in men. A 
prospective population-based study. Circulation. 1988;78(3):539-45. 

Contoreggi CS, et al. Plasma levels of estradiol, testosterone, and DHEAS do not predict risk 
of coronary artery disease in men. J Androl. 1990;11(5):460-70. 

Yarnell JW, et al. Endogenous sex hormones and ischemic heart disease in men. The Caerphilly 
prospective study. Arterioscler Thromb. 1993;13(4):517-20. 

Arnlov J, et al. Endogenous sex hormones and cardiovascular disease incidence in men. Ann 
Intern Med. 2006;145(3):176-84. 

Abbott RD, et al. Serum estradiol and risk of stroke in elderly men. Neurology. 
2007;68(8):563-8. 

Vikan T, et al. Endogenous sex hormones and the prospective association with cardiovascular 
disease and mortality in men: the Tromso Study. Eur J Endocrinol. 2009;161(3):435—-42. 
Araujo AB, et al. Sex steroids and all-cause and cause-specific mortality in men. Arch Intern 
Med. 2007;167(12):1252-60. 

Araujo AB, et al. Clinical review: endogenous testosterone and mortality in men: a systematic 
review and meta-analysis. J Clin Endocrinol Metab. 2011;96(10):3007-19. 

Corona G, et al. Low testosterone is associated with an increased risk of MACE lethality in 
subjects with erectile dysfunction. J Sex Med. 2010;7(4 Pt 1):1557-64. 

Hyde Z, et al. Low free testosterone predicts frailty in older men: the health in men study. J 
Clin Endocrinol Metab. 2010;95(7):3 165-72. 


38 


68. 


69. 


70. 


71. 


72. 


73: 


74. 


75. 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


M. Fode et al. 


Nguyen PL, et al. Association of androgen deprivation therapy with cardiovascular death in 
patients with prostate cancer: a meta-analysis of randomized trials. JAMA. 2011;306(21): 
2359-66. 

Nguyen PL, et al. Coronary revascularization and mortality in men with congestive heart fail- 
ure or prior myocardial infarction who receive androgen deprivation. Cancer. 2011;117(2): 
406-13. 

Nguyen PL, et al. Influence of androgen deprivation therapy on all-cause mortality in men with 
high-risk prostate cancer and a history of congestive heart failure or myocardial infarction. Int 
J Radiat Oncol Biol Phys. 2012;82(4):1411-6. 

Mulligan T, et al. Two-week pulsatile gonadotropin releasing hormone infusion unmasks dual 
(hypothalamic and Leydig cell) defects in the healthy aging male gonadotropic axis. Eur J 
Endocrinol. 1999;141(3):257-66. 

Basaria S, et al. Long-term effects of androgen deprivation therapy in prostate cancer patients. 
Clin Endocrinol (Oxf). 2002;56(6):779-86. 

Filippi S, et al. Testosterone partially ameliorates metabolic profile and erectile responsiveness 
to PDES inhibitors in an animal model of male metabolic syndrome. J Sex Med. 
2009;6(12):3274-88. 

Winters SJ, Kelley DE, Goodpaster B. The analog free testosterone assay: are the results in 
men clinically useful? Clin Chem. 1998;44(10):2178-82. 

de Ronde W, de Jong FH. Aromatase inhibitors in men: effects and therapeutic options. Reprod 
Biol Endocrinol. 2011;9:93. 

McConway MG, et al. Differences in circulating concentrations of total, free and bound leptin 
relate to gender and body composition in adult humans. Ann Clin Biochem. 2000;37(Pt 5): 
717-23. 

Bhatia V, et al. Low testosterone and high C-reactive protein concentrations predict low hema- 
tocrit in type 2 diabetes. Diabetes Care. 2006;29(10):2289-94. 

Grossmann M, et al. Low testosterone levels are common and associated with insulin resis- 
tance in men with diabetes. J Clin Endocrinol Metab. 2008;93(5):1834—40. 

Watanobe H, Hayakawa Y. Hypothalamic interleukin-1 beta and tumor necrosis factor-alpha, 
but not interleukin-6, mediate the endotoxin-induced suppression of the reproductive axis in 
rats. Endocrinology. 2003;144(11):4868-75. 

Russell SH, et al. The in vitro role of tumour necrosis factor-alpha and interleukin-6 in the 
hypothalamic-pituitary gonadal axis. J Neuroendocrinol. 2001;13(3):296-301. 

Shafik A, Olfat S. Scrotal lipomatosis. Br J Urol. 1981;53(1):50-4. 

Smith KW, Feldman HA, McKinlay JB. Construction and field validation of a self-adminis- 
tered screener for testosterone deficiency (hypogonadism) in ageing men. Clin Endocrinol 
(Oxf). 2000;53(6):703-11. 

Emmelot-Vonk MH, et al. Low testosterone concentrations and the symptoms of testosterone 
deficiency according to the Androgen Deficiency in Ageing Males (ADAM) and Ageing 
Males’ Symptoms rating scale (AMS) questionnaires. Clin Endocrinol (Oxf). 2011;74(4): 
488-94. 

Zitzmann M. Pharmacogenetics of testosterone replacement therapy. Pharmacogenomics. 
2009; 10(8):1341-9. 

Vermeulen A, Verdonck L, Kaufman JM. A critical evaluation of simple methods for the esti- 
mation of free testosterone in serum. J Clin Endocrinol Metab. 1999;84(10):3666-72. 

Diver MJ, et al. Diurnal rhythms of serum total, free and bioavailable testosterone and of 
SHBG in middle-aged men compared with those in young men. Clin Endocrinol (Oxf). 
2003;58(6):710-7. 

Bhasin S, et al. Reference ranges for testosterone in men generated using liquid chromatogra- 
phy tandem mass spectrometry in a community-based sample of healthy nonobese young men 
in the Framingham Heart Study and applied to three geographically distinct cohorts. J Clin 
Endocrinol Metab. 2011;96(8):2430-9. 


90. 


91. 


Epidemiology and Diagnosis of Hypogonadism 39 


. Vesper HW, et al. Interlaboratory comparison study of serum total testosterone [corrected] 


measurements performed by mass spectrometry methods. Steroids. 2009;74(6):498-503. 


. Sodergard R, et al. Calculation of free and bound fractions of testosterone and estradiol-17 


beta to human plasma proteins at body temperature. J Steroid Biochem. 1982;16(6):801—-10. 
Wheeler MJ, Nanjee MN. A steady-state gel filtration method on micro-columns for the mea- 
surement of percentage free testosterone in serum. Ann Clin Biochem. 1985;22(Pt 2):185-9. 
Sartorius G, et al. Predictive accuracy and sources of variability in calculated free testosterone 
estimates. Ann Clin Biochem. 2009;46(Pt 2):137—-43. 


Chapter 4 
Testosterone and Sexual Function 


Wayland Hsiao and John P. Mulhall 


Abstract Testosterone is the most defining of male hormones. Having low testos- 
terone affects many aspects of male sexuality; however, the effects of low testoster- 
one are variable. Data regarding treatment of low testosterone and its effects on 
sexual dysfunction are highly variable in quality and, in many areas, show conflicting 
results. In this review, we will review the hypothalamic-pituitary-gonadal axis as 
well as discuss animal and human data regarding the link between testosterone and 
erectile function. Furthermore, we discuss testosterone replacement and its effects 
on treatments for erectile dysfunction as well as present the limited data available 
regarding the possible association of Peyronie’s disease and low testosterone. 
Finally, we discuss the effects of testosterone on libido and orgasmic function. 
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DHEA Dehydoepiandrosterone 
DHEA-S Dehydroepiandrosterone sulfate 


ED Erectile dysfunction 

FT Free testosterone 

HSD Hypoactive sexual desire 

HEF International Index of Erectile Function 
IM Intramuscular 


MPOA Medial preoptic area 
NAAD Neoadjuvant androgen deprivation 
NOS Nitric oxide synthase 


PD Peyronie’s disease 

PDE5 Phosphodiesterase-5 

PSV Peak systolic velocity 

RP Radical Prostatectomy 

SEP Sexual encounter profile 

TRT Testosterone replacement therapy 
TT Total testosterone 
Introduction 


One of the main areas of clinical interest for testosterone deficiency is in the realm 
of sexual function. While testosterone is known as the most defining of male hor- 
mones, the effects of having a low testosterone on the numerous facets of sexual 
function are variable and, in many areas, still not well understood. When dealing 
with the issue of hypogonadism, it is critically important to differentiate between 
data pertaining to agonadism (complete suppression of testosterone) versus hypogo- 
nadism, which is lower than normal levels of serum testosterone associated with 
symptoms. The agonadal man suffers profound effects on his sexual function. On 
the other hand, those with hypogonadism have a more variable presentation of sex- 
ual symptoms. In fact, exactly what level of testosterone replacement is needed and 
what serum testosterone level is adequate for sexual function is likely different for 
each patient. However, the Endocrine Society recommends 300 ng/dl as a reason- 
able threshold to consider as the lower limit of total serum testosterone [1]. 
Meanwhile, the International Society of Andrology , European Academy of 
Andrology, and American Society of Andrology recommend using 230 ng/dl as a 
threshold to consider testosterone replacement therapy [2]. 


Anatomy of the Hypothalamic-Pituitary-Gonadal Axis 


Neurons in the hypothalamus release gonadotropin-releasing hormone (GnRH) in a 
pulsatile manner into the venous portal system that leads to the anterior pituitary. 
GnRH in turn stimulates the anterior pituitary to produce luteinizing hormone (LH) 
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and follicle stimulating hormone (FSH). Changes in the pulse frequency of GnRH 
secretion help determine the levels of LH and FSH secretion. 

LH is a protein secreted into the peripheral circulation. In the testis, the LH binds 
to LH receptors on Leydig cells and causes the release of testosterone from the 
Leydig cells. FSH binds to receptors on the Sertoli cell and promotes spermatogen- 
esis. Feedback mechanisms are primarily responsible for the control of GnRH 
release as well as LH release. Testosterone is converted to estradiol by the enzyme 
aromatase, which is present in fat cells. Estradiol binds to estrogen receptors in the 
anterior pituitary and hypothalamus and inhibits gonadotropin release. Another fac- 
tor involved in gonadotropin regulation is dihydrotestosterone (DHT). Men with 
defects in 5-alpha reductase have low levels of DHT and have high circulating levels 
of LH. Testosterone itself seems to have an inhibitory effect on LH secretion at the 
level of the anterior pituitary. In males, the testes produce the majority of the testos- 
terone, with a very minor amount being made by the adrenal gland. 


Testosterone and Erectile Dysfunction 


Animal Models 


Testosterone affects sexual function on a number of levels. The endpoints used in 
animal studies are broad measures of sexual function including the number of intro- 
missions, mount numbers, and ejaculation and their relationship to hormone assays. 
A limitation of animal models is that we are not able to adequately study libido and 
quality of orgasm, which are subjective endpoints. However, animal studies have 
indicated effects of androgens on many different anatomic levels. 

In the central nervous system, androgens have been shown to have effects on the 
medial preoptic area (MPOA), amygdala, paraventricular nucleus of the hypothala- 
mus, and periaqueductal gray matter [3]. In a rat study designed to look at the effect 
of testosterone on brain-mediated erections (by electrical stimulation of the MPOA), 
Suzuki et al. showed that loss of testosterone resulted in the loss of centrally medi- 
ated erections. This ability was restored once testosterone was replaced [4]. 

In addition, testosterone affects the structure of the penis itself. Testosterone is 
intimately connected to the mechanism of penile erection [5]. Androgens are essen- 
tial for normal nitric oxide synthase (NOS) and phosphodiesterase type 5 (PDES) 
expression in the corpora cavernosa [6—8]. Testosterone modulates the level of nitric 
oxide (NO) released during the initiation of penile erection by affecting both neu- 
ronal nitric oxide synthase (nNOS) as well as endothelial nitric oxide synthase 
(eNOS) expression levels [9-11]. Testosterone suppresses the RhoA-ROCK (Ras 
homolog gene family member A-Rho-associated, coiled-coil-containing protein 
kinase) pathway. Loss of testosterone in both castration-induced and diabetes- 
induced hypogonadism increases RhoA-Rock activity [12, 13] and thereby leads 
to an increased calcium sensitivity in corporal smooth muscle cells favoring 
cavernosal smooth muscle contraction which counteracts erection. 
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Testosterone positively regulates the expression of PDE5 in corporal smooth 
muscle [8, 13—17]. Traish et al. used a rabbit castration model and showed that tes- 
tosterone was able to restore intracavernous pressures (ICP) back to control levels 
as well as PDES levels in rabbits who had testosterone replacement after orchiec- 
tomy [17]. Zhang et al. examined PDE5 expression levels and protein levels in a 
rat model and found that castration decreased expression of PDE5 in the corpus 
cavernosum, but testosterone replacement seemed to restore expression to normal 
levels [16]. Testosterone replacement improved responsiveness to PDES inhibitors 
in a diabetic rat model [15]. It appears that PDE5 expression in the human male 
genital tract is also testosterone dependent [8]. Therefore, testosterone has several 
pro-erection effects, through NO release and RhoA-Rock suppression, as well as 
via a positive correlation with PDES levels. 

Testosterone is likely responsible for maintenance of penile structural integrity. 
Specifically, castration can lead to loss of corporal smooth muscle as well as 
increased corporal fibrosis. Fibrosis and loss of smooth muscle will lead to venous 
leak and an inability to maintain an adequate ICP and a firm erection. In animal 
models, castration consistently shows decreases in corporal smooth muscle content 
[17], and castrated rats develop venous leak [18]. 


Human Data 


Preclinical and clinical studies provide a connection between erectile function and 
androgen levels, but the data is scant. Supplemental testosterone in coronary artery 
disease patients (who were not hypogonadal) was shown to result in improvement 
in brachial artery flow-mediated dilation following testosterone administration [19]. 
Similar studies are needed in hypogonadal men. There is data to support the effects 
of testosterone on both endothelial cells as well as penile smooth muscle cells. 
Androgens may activate eNOS in the lining of the vasculature [20], leading to 
release of vasodilatory substances and thus increased blood flow. However, testos- 
terone-dependent vasodilation has been successfully demonstrated in denuded 
endothelium, suggesting that vasodilation is not only an endothelial-dependent 
mechanism but may also be smooth muscle dependent [21]. Aversa et al. found a 
correlation of free testosterone levels and resistive index in ED patient undergoing 
penile Doppler ultrasound. This correlation persisted even after controlling for age, 
sex hormone-binding globulin (SHBG), and estradiol levels [22]. 

In men on androgen deprivation therapy (ADT) for prostate cancer, there are a 
number of effects of serum levels of zero testosterone on erectile function [23] 
(Table 4.1). Potters et al. studied 482 potent prostate cancer patients before treat- 
ment with brachytherapy. Erectile dysfunction, defined as the inability to achieve an 
erection sufficient for penetration during intercourse without medications or devices, 
was significantly worse when neoadjuvant androgen deprivation had been given 
(76 vs. 52 %), and neoadjuvant ADT was found to be an independent predictor of 
ED (p=0.0001) [24]. Mulhall et al. studied radical prostatectomy patients with or 
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Table 4.1 Human data linking androgen deprivation therapy to erectile dysfunction 


Authors Year Study population Results 
Mazzola et al. [25] 2011 38 NAAD+RP Higher incidence of venous leak 6 months 
patients after RP in NAAD group (60 vs. 20 %, 
p<0.001) 


94 patients+RP alone Lower likelihood of having IIEF 224 at 
18 months in NAAD group (22 vs. 
50 %, p<0.01) 
Kratzik et al. [79] 2005 675 men aged Severe cases of ED (IIEF-5 score <7) 
45-60 years showed low T and BAT 
Individuals with low BAT (1 ng/ml or 
less) had higher risk of ED (odds ratio 
3,95 % p = 0.034) 
Hoffman et al. [27] 2003 2,365 patients with Incidence of ED (“no erection at all”) at 
localized CaP 24 months with: no treat- 
ment=32.5 %; ADT=85.8 %; 
RT=42.7 %; and RP=58.4 % 
Potosky et al. [28] 2002 88 potent ADT 80 % of ADT patients reported ED after 
patients versus 223 1 year versus 30 % of those receiving 
potent CaP patients no treatment (p < 0.001). 
on no treatment 


Potters et al. [24] 2001 482 CaP patients The 5-year actuarial potency rate was: 
potent before BT alone: 76 % 
treatment EBRT+BT: 56 % (p=0.08) 


NAAD+BT: 52 % 
EBRT+BT+NAAD : 29 % (p=0.13) 
Potosky et al. [26] 2001 132 orchiectomized 51 % of men with interest in sex before 


CaP patients treatment had none after treatment 
versus 299 CaP 73 % of men ceased engaging in sexual 
patients on LHRH activity after treatment 
agonists 69 % of men who were potent before 
treatment were impotent after 
treatment 
No differences were observed based on 
type of ADT 


ED erectile dysfunction, CVOD corporal veno-occlusive dysfunction (venous leak), ZEF 
International Index of Erectile Function, T testosterone, BAT bioavailable testosterone, CI 
confidence interval, RT radiotherapy, BT permanent prostate brachytherapy, EBRT external beam 
radiotherapy, NAAD neoadjuvant androgen deprivation, RP radical prostatectomy, CaP prostate 
cancer, ADT androgen deprivation therapy 


without ADT and found that the rate of venous leak was 60 % in the ADT group 
compared to 20 % in the control group (p<0.001) 6 months after surgery. Similarly, 
when evaluated by IEF, the proportion of men with an erectile function domain 
score 224 at 18 months after surgery was 22 % in the ADT group compared to 50 % 
in the control group (p<0.01) [25]. 

The Prostate Cancer Outcome Study (PCOS) of the Surveillance, Epidemiology, 
and End Results (SEER) Program showed that 69 % of potent men lost their func- 
tional erections after ADT treatment [26]. In another study by the same group, 86 % 
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of men undergoing ADT subsequently experienced ED, compared to 58 % of radi- 
cal prostatectomy patients, 43 % of radiotherapy patients, and 33 % of patients 
undergoing watchful waiting (p<0.0001) [27]. When ADT was compared to no 
treatment in the setting of localized prostate cancer, 80 % of those on ADT reported 
being impotent after 1 year compared with 30 % of those receiving no treatment 
(p<0.001) [28]. 

Not all men with ADT will develop erectile dysfunction. Possible mechanisms 
for erectile function preservation in this group include androgen receptor poly- 
morphisms which may alter receptor sensitivity and activity [29]. Another theory 
is that the testosterone threshold value below which erectile function is affected is 
about 10 % of the normal range of testosterone and that below this threshold 
value, erectile function would be affected in a dose-dependent fashion [29, 30]. It 
has been suggested that free testosterone and not total testosterone correlates bet- 
ter with erectile function [31—34]. Testosterone may not be the only androgen 
associated with erectile function, and DHT, dehydroepiandrosterone (DHEA), 
and DHEA sulfate (DHEA-S) may play significant roles in sexual function 
as well. 


The Efficacy of Testosterone Replacement Therapy 
in the Treatment of Erectile Dysfunction 


The data from studies on TRT as a primary treatment in ED patients has shown 
varying efficacy [35—41]. These studies are often underpowered and suffer from 
small sample sizes and limitations in study design. In a review of the literature 
including eight observational studies with men who were treated for ED with TRT, 
TRT improved erectile function in only 36 % of cases [39]. 

Three meta-analyses have been done on this issue with differing interpretations. 
Jain et al., in a meta-analysis of articles up to 1998, concluded that primary testicu- 
lar failure and a transdermal application were predictors of a good erectile response 
on testosterone therapy [35]. Isidori et al. concluded that men with low testoster- 
one (7 nmol/l or 201 ng/dl) and low normal testosterone (7—12 nmol/dl or 201- 
345 ng/dl) had improvements in erectile function and libido with TRT, while those 
with normal testosterone (>12 nmol/l or >345 ng/dl) had no significant improve- 
ment in libido or erectile function [36]. Bolona et al. reported moderate improve- 
ments in libido for men with low mean testosterone levels (defined as total 
testosterone (TT) less than 300 ng/dl). The effect of age on testosterones impact on 
erectile function appeared to be significant in the two trials that involved men 
younger than 40 years of age, while it was insignificant in those trials with a mean 
patient age over 50 [40]. 

One significant limitation of such studies is short follow-up. Preliminarily, it 
would appear that testosterone supplementation appears to provide a lasting 
improvement in libido, but resultant improvement in erectile function, when assessed 
using validated questionnaires, is short-lived [42]. Testosterone likely has more 
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effect on organic ED, and some of these studies showing little effect may be ham- 
pered by the inclusion of men with psychogenic ED. 

Furthermore, the greater the degree of hypogonadism, the greater the effect of 
testosterone on sexual function. ED is multifactorial, and testosterone is only a sin- 
gle factor in its presentation. This may explain why empiric treatment of all men 
with TRT for ED is neither efficacious nor cost-effective. 


The Effect of Testosterone Replacement Therapy on PDE5 
Inhibitor Effectiveness 


Since androgens modulate expression of both NOS and PDES, it is assumed that 
normal testosterone levels are needed for PDES inhibitors to be effective [8, 16, 17]. 
Several studies have shown that low testosterone levels contribute to lower PDE5 
inhibitor efficacy [43-53] (Table 4.2). The clinical implication is that hypogonad- 
ism should be screened for prior to the treatment of erectile dysfunction. In addition, 
those with a poor response to PDES inhibitors should undergo serum testosterone 
measurement. 

Several uncontrolled studies [43-50] and four randomized, placebo-controlled 
trials have confirmed that hypogonadism hinders the effects of PDES inhibitors on 
erectile function. The majority of studies have evaluated the efficacy of TRT in 
PDES inhibitor nonresponders [43, 45, 48-52, 54, 55] as well as patients who have 
failed a combination of the two treatments [44, 46, 47, 53]. These studies all suffer 
from lack of adequate controls and blinding. In addition, the included population is 
rather heterogeneous, and follow-up is short, and the definition of hypogonadism is 
variable. 

When evaluated as a group, these studies indicate that TRT may augment the 
erectile response to PDES inhibitors in over 30 % of patients. These studies have 
significant limitations, and only four use placebo controls. Aversa et al. random- 
ized 20 men with low normal TT (270-375 ng/dl) to TRT with a testosterone patch 
or a placebo patch with vehicle only. Patients were given sildenafil on demand with 
instructions to have sex at least twice a week for a | month period. Patients on TRT 
experienced significant improvements in testosterone levels (mean 670 ng/dl after 
treatment) and significant improvements from baseline in the International Index 
of Erectile Function (IEF) erectile function domain (14.4—21.8 points), HEF inter- 
course satisfaction domain (7.1—12.1 points), and IIEF overall satisfaction domain 
(2.6-6.8 points). In addition, they demonstrated improvements in peak systolic 
velocity (PSV) as well as resistive index (RI) on penile Doppler studies [51]. 
Shabsigh et al. randomized 75 hypogonadal men with TT<400 ng/dl who had 
failed sildenafil monotherapy and to either 1 % testosterone gel or placebo over 
12 weeks [52]. There was a significant increase in IIEF erectile function domain 
scores for those men on TRT (4.4 vs. 2.1, p=0.029). However, at 8 and 12 weeks, 
there was no significant improvement in the TRT arm when compared to the pla- 
cebo arm of the study. It appeared that over the course of the study, the ITEF erectile 
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function domain scores of the placebo group progressively improved, while the 
TRT group saw improvement at 4 weeks and then remained relatively stable. In 
fact, by the endpoint of the study, 79 % of patients in the placebo group were 
deemed responders (measured by HEF), while only 71 % of men in the TRT group 
were deemed to have improved scores [52]. Rochira et al. studied hypogonadal 
men with TT < 200 ng/dl who had failed sildenafil therapy. The study consisted of 
48 men, 24 hypogonadal and 24 healthy men [53]. All patients underwent noctur- 
nal penile tumescence and rigidity monitoring on three consecutive nights. On the 
second and third nights, patients received either 50 mg of sildenafil at bedtime fol- 
lowed by a placebo pill the next night or vice versa. All 24 hypogonadal patients 
underwent this testing before treatment (TT<200 ng/dl) and then underwent 6 
months of TRT using intramuscular injections. They found that after 6 months of 
TRT, there were improvements in nocturnal erection in both number of erections, 
greater than 70 % in quality, and the total duration of penile rigidity. They found 
similar improvements in nocturnal erections with either 50 mg of sildenafil or 6 
months of TRT monotherapy. However, when patients were given both 50 mg of 
sildenafil and TRT, their erections quality improved significantly over either mono- 
therapy. In this crossover study, patients served as their own controls, but the pla- 
cebo was sildenafil, and there was no testosterone placebo utilized. In the recently 
published TADTEST study, when a cutoff of <400 ng/dl was used (for the overall 
group), there were similar increases in SEP 3 (“Did your erection last long enough 
for you to have successful intercourse?” [yes/no]) rates between testosterone gel 
and placebo when combined with a PDES inhibitor. Only after subset analysis of 
patients with TT <300 ng/dl was conducted was there a statistically different dif- 
ference between T-gel and placebo [55]. The definition of low testosterone is rather 
heterogeneous between these studies and is often set in the range which can be 
construed as low normal testosterone. In studies of erectile function, it is of utmost 
importance to have placebo arms to truly demonstrate efficacy because of significant 
placebo effect. 


Testosterone as a Strategy for Reversing Venous Leak 


There is an emerging concept that testosterone supplementation may be able to 
reverse the process of venous leak. Yassin et al. reported on a case series of 12 
patients with proven venous leak by cavernosometry and cavernosography. In 
that series, 42 % (5/12) of patients reported improvements in erectile function 
on testosterone replacement. This was defined as lack of venous leak on caver- 
nosography and improvements in IEF after 12—20 weeks of testosterone treat- 
ment [56]. In another series of patients with erectile dysfunction treated with 
testosterone, 69 % (20/29) of the patients reported improved erections. However, 
in the subset of 17 men with matching pre- and posttreatment penile Doppler 
ultrasound studies, there was a significant reduction in or elimination of venous 
leak [57]. 
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Testosterone and Peyronie’s Disease 


Hypogonadism may be associated with Peyronie’s Disease (PD), but there is a pau- 
city of conflicting data (Table 4.3). El-Sakka et al. were first to evaluate this associa- 
tion but only measured TT, and there seemed to be no association between PD and 
TT levels. The prevalence of hypogonadism in this study was 11.3 %, but this study 
did not report their definition of hypogonadism [58]. 

The initial study to link hypogonadism and PD was performed by Moreno et al. 
in a retrospective study of hypogonadal patients (defined as less than 300 ng/dl) 
[59]. In that study, 29.5 % of their PD patient population had low testosterone by 
TT, while 71.1 % of this population had low serum free testosterone (FT) levels. In 
fact, 74.4 % of their population had low testosterone as defined by either low TT 
(<300 ng/dl) or low FT (1.5 ng/dl). Limitations of this study include that laboratory 
measurements were taken anywhere between 8:30 a.m. and 5:30 p.m., with no 
reporting of the distribution of timing regarding lab draws. Limiting the draws to 
early morning levels would have made for a more consistent evaluation of testos- 
terone levels. While the majority of men were diagnosed as hypogonadal by FT 
levels, it must be acknowledged that decreases in FT and bioavailable testosterone 
(BAT) is much more dramatic than decreases in TT. Therefore, it is not surprising 
that while Moreno et al. reported that men with hypogonadism had a significantly 
greater degree of penile curvature when compared to eugonadal men (mean 54.3° 
vs. 27.1°, p=0.006), correlation of curvature and TT was not significant (r=—0.199, 
p=0.138). There was no standardization of the method of curvature assessment 
with a mixture of photographs, patient self-reports, and assessments following 
intracavernosal injection. The proportion of patients in each group was not reported. 
This is a significant weakness since degree of curvature can be affected by angle of 
photography as well as erection hardness, both of which are not adequately evalu- 
ated with photographic measurements. The authors recommend intracavernosal 
injection in order to obtain an adequate erectile rigidity before evaluation of the 
curvature. 

Rhoden et al., in a cross-sectional study, found that TT and DHEA-S levels were 
not associated with PD when compared to age-matched controls [60]. However, it 
should be noted that PD in that study was found solely on physical exam regardless 
of patient complaint and that there was no attempt to evaluate the degree of curva- 
ture. By contrast, Karavitakis et al. evaluated 14 men with PD found on physical 
exam and found that low levels of DHEA-S were associated with PD [61], though 
the degree of curvature was not reported. Cavallini et al. found lower testosterone 
levels in PD patients when compared to age-matched controls. Those PD patients 
with low bioavailable and free testosterone levels had larger plaques and a shorter 
delay in presentation to a doctor [62]. Nam et al. in a study of 106 PD patients com- 
pared hypogonadal with eugonadal PD patients. They found a greater percentage of 
patients with greater than 30° of curvature in the hypogonadal group as well as 
worse erectile function (IIEF-5 scores 7.4 vs. 10.8, p=0.010) in hypogonadal PD 
patients [63]. 
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There are tantalizing hints that low testosterone may be involved in PD. There 
are several hypotheses for the proposed mechanism of testosterone’s impact on PD. 
One possibility is that PD is associated with common comorbidities that cause 
endothelial dysfunction such as erectile dysfunction, hypertension, and diabetes. 
Thus, as part of a generalized endothelial dysfunction, these patients will have erec- 
tile dysfunction. The weaker erection quality may lead to an increased susceptibility 
to penile trauma during sexual activity and instigate the inflammatory cascade seen 
in PD. Prospective studies with standardization of method of curvature assessment 
as well as standardization of the testosterone assay method and time of collection 
are needed. 


Testosterone and Libido 


Libido refers to the level of sexual motivation. One of the main barriers to the study 
of libido has been the absence of validated tools and the inability to examine libido 
in animal models. The amygdala, MPOA, paraventricular nucleus of the hypothala- 
mus, and periaqueductal gray matter all have androgen receptors [3], suggesting a 
central role for testosterone in sexual ideation and motivation [64, 65]. However, 
testosterone is not the only factor responsible for libido. After ADT for prostate 
cancer, up to 30-40 % of men with castrate levels of testosterone continue to have a 
sexual drive [26]. This data suggests that testosterone is essential for libido in up to 
70 % of these men, ignoring other factors for low libido. Conversely, it suggests that 
testosterone is not essential for sexual drive in up to 40 % of these men, showing 
that the serum testosterone level alone is not the only determinant of sexual desire. 

Testosterone may be only a small contributor to the complex sexual phenomena 
known as libido. Studies using visual sexual stimulation have shown that the ante- 
rior cingulate, nucleus accumbens, medial prefrontal cortex, inferolateral prefrontal 
cortex, claustrum, hypothalamus, parietal cortex, and amygdala are all activated 
during arousal [66-70]. Depression, hyperprolactinemia, and changes in the dop- 
aminergic system can also negatively affect sexual desire [71-73]. Corona et al. 
evaluated hypoactive sexual desire (HSD) in 428 patients with ED, by using the 
structured interview SIEDY. Among the patients studied, 22.8 % reported a mild, 
12.9 % a moderate, and 4.6 % a complete loss of sexual interest. Patients with HSD 
had lower TT, though the prevalence of hypogonadism (<10 nM) was similar in 
both groups [71]. Another study of 2,146 men with sexual dysfunction by Corona 
et al. reported mild hyperprolactinemia (20-35 ng/ml) in 3.3 % of men and severe 
hyperprolactinemia (>35 ng/ml) in 1.5 % of men. 

Hyperprolactinemia was associated with the current use of antidepressants antip- 
sychotic drugs, and benzamides. Treatment of hyperprolactinemia resulted in 
improvements in both sexual desire and serum testosterone level [73]. Meanwhile, 
testosterone replacement in the setting of hyperprolactinemia is not able to restore 
libido [74], while treatment of hyperprolactinemia can restore libido [73, 75, 76]. 
The dopamine system can also affect libido. Dopamine receptor antagonists inhibit 


4 Testosterone and Sexual Function 53 
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erections in male rats [77], and antipsychotic medications can have effects on both 
dopamine and prolactin [78]. 


Testosterone and Orgasm 


Studies of orgasm and orgasmic quality are similarly hindered by the lack of stan- 
dardized validated tools to evaluate orgasm function. The data on male orgasm is 
sparse in the published literature. Ahn et al. performed a study of 213 patients with 
lower urinary tract symptoms. Using the orgasm function domain of the IEF, they 
found that both FT levels (r=0.179, p=0.02) and SHBG (r=-0.154, p=0.046) cor- 
related with the orgasm function [32]. There are limitations of the IIEF as an instru- 
ment to evaluate orgasmic function. Namely, the IIEF only evaluates the frequency 
of ejaculation and frequency of orgasm as related to sexual encounters. There is no 
attempt at ascertainment of orgasm quality. The variability of orgasm quality 
between individuals is also not well captured. Overall, what is needed is a standard- 
ized instrument for capturing orgasmic quality, orgasm frequency, and interpersonal 
orgasm differences. With such standardized tools, much more can be discovered 
about orgasmic quality and its relationship to testosterone levels. 


Conclusions 


Testosterone is clearly intimately involved with sexual function, with effects on 
multiple levels (Fig. 4.1). Studies to date have been hindered by retrospective design, 
lack of blinding, and lack of placebo controls. Further research is needed before we 
can truly individualize treatment of the myriad of symptoms we now collectively 
refer to as hypogonadism. 
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Chapter 5 
Treatment of Hypogonadism in Men 


Akanksha Mehta, Darius A. Paduch, and Marc Goldstein 


Abstract The goal of testosterone replacement therapy (TRT) is to alleviate the symptoms 
of hypogonadism while minimizing potential adverse affects associated with testosterone 
replacement. There are several approved options available for the treatment of androgen 
deficiency, including oral, transdermal, injectable, and implantable formulations of tes- 
tosterone, as well as emerging therapies such as selective androgen receptor modulators 
(SARMs), each associated with specific advantages, disadvantages, and side effects. In 
men with an identifiable etiology of hypogonadism, the underlying pathology should be 
addressed first. For men interested in fertility, androgen deficiency may be treated with 
pulsatile gonadotropin-releasing hormone (GnRH) or gonadotropin therapy using human 
chorionic gonadotropin (hCG), purified or recombinant luteinizing hormone (LH) and 
follicle-stimulating hormone (FSH) preparations. The empiric use of selective estrogen 
receptor modulators (SERMs) and aromatase inhibitors for the treatment of men with 
primary hypogonadism is associated with variable outcomes, depending on the severity 
of the underlying defect. The choice of therapy should be guided by consideration of the 
formulation-specific pharmacokinetics and adverse effects, cost, and patient preference. 
All patients on any form of TRT should be evaluated on a regular basis. 
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Abbreviations 

ASA American Society of Andrology 
CC Clomiphene citrate 

CHF Congestive heart failure 


DHT Dihydrotestosterone 
EAA European Association of Andrology 


EAU European Association of Urology 
FDA Food and Drug Administration 

FSH Follicle-stimulating hormone 

GnRH Gonadotropin-releasing hormone 

hCG Human chorionic gonadotropin 

HH Hypogonadotropic hypogonadism 
hMG Human menopausal gonadotropin 

ISA International Society of Andrology 
ISSAM ` International Society for Study of the Aging Male 
LH Luteinizing hormone 

PSA Prostate-specific antigen 

SARM Selective androgen receptor modulator 
SERM Selective estrogen receptor modulator 
SHBG Sex hormone binding globuin 

T Testosterone 

TRT Testosterone replacement therapy 
Introduction 


Hypogonadism is a common condition affecting over five million American men 
between 30 and 80 years of age [1]. It results from one or more defects along the 
hypothalamic-pituitary-gonadal (HPG) axis and is characterized by the presence of 
androgen deficiency or low serum testosterone. Hypogonadism may also be accom- 
panied by abnormal semen qualities and decreased testicular volume. Testosterone 
(T) exerts pleiotropic effects on the body. The signs and symptoms of hypogonad- 
ism are variable and depend upon the age of onset, severity and duration of andro- 
gen deficiency, comorbid illnesses, androgen sensitivity, as well as previous hormone 
replacement therapy [2]. The onset of hypogonadism before puberty can lead to 
delayed or incomplete sexual development, eunuchoidal phenotype, and retention 
of a high-pitched voice. Hypogonadism that develops after pubertal maturation is 
associated with decreased sexual drive and activity, soft and atrophic testes, 
decreased sperm counts, decreased bone density and muscle mass, and occasionally 
gynecomastia and loss of body hair [3]. In late onset hypogonadism, the symptoms 
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may be even less specific, such as fatigue, irritability, depressed mood, impaired 
concentration, increased body fat, and sleep disorders [1, 4—6]. 

The diagnosis of hypogonadism is made by the measurement of low serum tes- 
tosterone and concomitant symptoms of androgen deficiency. However, the 
nonspecific symptoms of hypogonadism can be difficult to distinguish from age- 
related changes, making the diagnosis of hypogonadism especially challenging in 
aging men. Large cross-sectional and longitudinal population-based studies have 
shown that testosterone levels decline with age [7-9]. Although the clinical 
significance of this age-related decline is not well understood, the topic of testoster- 
one replacement in older men has received much attention in recent years. Emerging 
evidence shows a strong association between low T and the prevalence of metabolic 
syndrome. The cause-and-effect relationship between the two conditions is an area 
of active research [10]. The utility of testosterone replacement in men with chronic 
medical illness has not been systematically investigated. 

Long-standing testosterone deficiency negatively impacts overall health and 
quality of life [11-13]. The treatment of young men with congenitally acquired or 
early onset hypogonadism is strongly recommended. In contrast, the treatment of 
hypogonadism in older men remains controversial, partly due to the challenges 
associated with an accurate laboratory diagnosis of testosterone deficiency and 
partly due to the lack of large, randomized, placebo-controlled trials evaluating 
the outcome of testosterone replacement therapy (TRT). Many of the testosterone 
delivery systems currently available predate the Food and Drug Administration 
(FDA) requirement for multicenter drug trials and gained FDA approval on the 
basis of their pharmacokinetic profile and ability to achieve blood physiologic 
levels, rather than long-term studies of efficacy and risk [14]. Whether TRT 
decreases mortality, or improves overall quality of life and the ability to indepen- 
dently perform activities of daily living, in men with late onset hypogonadism 
remains to be proven. 

This chapter provides an overview of the testosterone formulations currently 
available for use in hypogonadal men, with special attention to the treatment of 
hypogonadal, subfertile men who wish to preserve their fertility potential. 
Appropriate follow-up of men receiving hormonal therapy, as well at the risks and 
benefits of such therapies, are discussed. 


Diagnosis of Hypogonadism 


Male hypogonadism is defined as the failure of the testes to produce testosterone, 
sperm, or both due to failure of one or more levels within the HPG axis [3]. Primary 
hypogonadism is a result of testicular failure and is associated with low serum T, 
impaired spermatogenesis, and elevated serum-luteinizing hormone (LH) and folli- 
cle-stimulating hormone (FSH). Common causes of primary hypogonadism include 
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trauma, Klinefelter syndrome (KS), chemotherapy, cryptorchidism, and ionizing 
radiation. In contrast, secondary hypogonadism, also referred to as hypogonadotro- 
pic hypogonadism (HH), is due to hypothalamic or pituitary disorders and is associ- 
ated with low T, impaired spermatogenesis, and inappropriately low LH and FSH 
levels. Certain conditions, such as aging, alcohol abuse, narcotic use, steroid use, 
and HIV infection, can affect gonadal function by exerting effects at any level of the 
hypothalamic-pituitary-gonadal (HPG) axis. 

The broad classification of hypogonadism as primary or secondary is important 
for therapeutic implications. Patients with secondary hypogonadism, for instance, 
require additional evaluation to determine the underlying etiology. Correction of the 
underlying problem, such as a tumor of the hypothalamic-pituitary region, may cor- 
rect hypogonadism in some cases. Therapeutic outcomes may also be influenced by 
the underlying etiology of hypogonadism. Traditionally, fertility was only consid- 
ered possible for men with secondary hypogonadism, but the availability of advanced 
assisted reproductive techniques has made paternity possible for many men with 
primary infertility as well who may have severely impaired testicular function with- 
out complete testicular failure. 

The clinical diagnosis of hypogonadism is dependent on the measurement of 
serum testosterone concentrations and the presence of concomitant symptoms of 
androgen deficiency. Significant intraindividual fluctuations in serum testosterone 
levels, the wide range of testosterone levels in human serum samples, and technical 
limitations of currently available assays have led to poor reliability of testosterone 
measurements in the clinical laboratory setting [14]. Recently published guidelines 
from the Endocrine Society maintain that total testosterone levels below 300 ng/dL 
are diagnostic of hypogonadism, while higher levels are normal [3]. Meanwhile, a 
consensus statement from the ISA, ISSAM, EAU, EAA, and ASA recommends that 
total testosterone levels above 350 ng/dL do not require treatment, while levels 
below 230 ng/dL do [15]. For levels between 230 and 350 ng/dL, the recommenda- 
tion is to repeat the total testosterone with sex hormone-binding globulin (SHBG) 
for calculation of free testosterone (free T) or direct measurement of free T by equi- 
librium dialysis [15]. 

As previously discussed, the clinical signs and symptoms of hypogonadism 
can be quite variable. Nevertheless, some authors have attempted to correlate the 
presence of psychosomatic symptoms and metabolic risk factors with threshold 
levels of testosterone. In a survey of 434 middle-aged men, Zitzmann et al. found 
loss of libido, depression, erectile dysfunction, and diabetes mellitus to be associ- 
ated with testosterone concentrations less than 432, 288, 230, and 288 ng/dL, 
respectively [4]. Conversely, Wu et al. defined hypogonadism by the presence of 
three or more sexual symptoms associated with a testosterone concentration less 
than 320 ng/dL [9]. For the most part, testosterone levels associated with symp- 
toms, or adverse health outcomes, are not known. Because there is no universally 
accepted threshold of testosterone concentration that distinguishes eugonadal 
from hypogonadal men, the optimal treatment of hypogonadism must be deter- 
mined on an individual basis and take into account patients’ plans for fertility in 
the immediate future. 
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Potential Benefits of Testosterone Replacement Therapy 


The benefits of testosterone therapy are expected to parallel its pleiotropic actions in 
the body, resulting in improvement in energy, strength, sexual function, bone mineral 
density, mood, and cognition. Therefore, TRT has long been used for the treatment of 
young men with early onset hypogonadism. Lately, the use of TRT for the treatment 
of late onset hypogonadism in middle-aged and older men has also been increasing. 
However, large, prospective, randomized controlled trials of the outcomes of TRT, 
both in terms of benefits as well as adverse effects, are lacking. The studies that are 
available include men of different age groups, use variable measurement techniques 
for testosterone measurement, have variable cutoffs for total T, free T, bioavailable T, 
or the free androgen index in their inclusion and exclusion criteria, use different tes- 
tosterone delivery systems, and range in duration from 3 to 36 months. 

In young hypogonadal men, testosterone replacement is associated with several 
advantages and a low risk of adverse events. Snyder et al. reported significant 
improvement in energy, body composition, bone density, and hematocrit in young 
men with postpubertal acquired hypogonadism [16]. More recently, Aydogan et al. 
showed that 6 months of TRT significantly improved muscle strength, balance, and 
anaerobic activity in a series of young men with congenital HH [17]. Several groups 
of authors have shown that testosterone administration positively affects several 
domains of sexual function in young men, including libido, arousal, erectile, and 
ejaculatory function [2, 18-20]. Unfortunately, most studies of TRT in young, 
hypogonadal men have been open-labelled and have not included a placebo group. 
To date, there are no randomized, placebo-controlled trials assessing of the effect of 
testosterone therapy on depression, cognition, fractures, quality of life, or cardio- 
vascular outcomes in young, hypogonadal men. 

While there are several meta-analytic studies examining the effect of TRT in 
middle-aged and older men, their results should be interpreted in light of the quality 
of evidence available for inclusion in these analyses. Many of the included studies 
demonstrate inconsistent results at baseline and are subject to variable follow-up. 

Isidori et al. investigated the effects of testosterone replacement on body compo- 
sition in older men and found improvements in bone density, lean body mass, and 
dyslipidemia, with heterogeneous effects on muscle strength [21]. The Testosterone 
Gel Study Group similarly reported improved lean body mass and decreased fat 
mass in hypogonadal men treated with transdermal T gel [18]. The latter group of 
authors also reported an improvement in sexual function following treatment with T 
gel. As is the case for younger men, TRT in older men has been shown to be associ- 
ated with improvements in various sexual function domains, and especially libido, 
in several small trials [18—20], but the magnitude of this effect is lessened in a meta- 
analysis of this data due to the inconsistencies between individual trials [22]. The 
impact of TRT on sexual function also appears to be modulated by baseline serum 
T levels, as trials that enrolled men with serum T < 300 ng/dL were more likely to 
demonstrate a beneficial effect of TRT on libido than trials that enrolled men with 
baseline T > 300 ng/dL [2]. 
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Two important studies have examined the impact of TRT on physical function in 
frail, elderly men. The first, a randomized, placebo-controlled study, clearly demon- 
strated improved muscle strength and physical function, body composition, and 
quality of life [23]. The effect of testosterone on muscle strength was also an end 
point in the TOM trial (Testosterone in Older Men with Mobility Limitations), and 
early data did demonstrate an improvement in strength and physical activity, prior 
to cessation of the trial due to safety considerations [24]. 

Observational studies have reported a benefit of TRT in terms of improving bone 
mineral density in hypogonadal men [25, 26], but in randomized, placebo-controlled 
trials, this effect has been shown to be moderate at best, equivalent to 2 % increase 
in lumbar bone mineral density, without any significant improvement in femoral 
neck bone density [3, 27]. While several authors have examined the effect of TRT 
on bone mineral density, with the intent of decreasing fracture-relating morbidity in 
older men, to date there have been no trials reporting an effect of TRT on 
fractures. 

The effects of TRT on mood and cognition have been inconsistent across trials. 
A systematic review by Zarrouf et al. reported significant improvements in depres- 
sion scores in testosterone-treated versus placebo-treated men [28]. In select small 
trials, TRT was shown to be associated with improvement in spatial cognition, ver- 
bal fluency, and working memory in elderly men [14], but this association has been 
refuted in randomized controlled trials [29]. 

Thus, although there are several theoretic benefits of TRT in hypogonadal men, 
proving the true benefit of TRT in middle-aged or older men remains a challenge 
given the available evidence. It is also unclear whether age-related decline in serum 
T is an adaptive or pathological response requiring correction. In addition to an age- 
related decline in testosterone levels, older men are more likely to be affected by 
comorbid conditions such as obesity, diabetes, and dyslipidemia, which are inde- 
pendently associated with low serum testosterone. The presence of multiple comor- 
bid conditions may influence the response to testosterone therapy. Data on the effect 
of TRT on insulin sensitivity have yielded conflicting results to date [3]. Similarly, 
the impact of TRT on cardiovascular health in hypogonadal men, particularly in the 
long-term, is unknown. Weighing the plausible benefits of TRT against the associ- 
ated risks, especially in older men, therefore, becomes very important in the treat- 
ment of hypogonadism. 


Risks and Complications of Testosterone Replacement Therapy 


As previously stated, the majority of TRT trials have not been adequately powered 
to assess potential adverse events with TRT. The duration and follow-up period of 
many of these studies is brief, making it difficult to assess the long-term impact of 
TRT. Common side effects of TRT include acne, worsening of male pattern bald- 
ness, gynecomastia, suppression of spermatogenesis, and exacerbation of benign 
prostatic hyperplasia and associated lower urinary tract symptoms. Cessation of 
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Table 5.1 Contraindications to testosterone replacement therapy 


Absolute contraindications 

Prostate cancer 

Breast cancer 

Hematocrit >54 % 

Uncontrolled congestive heart failure 

Myocardial infarction, acute coronary event, unstable angina, or coronary revascularization 
procedure in the preceding 6 months 

Untreated obstructive sleep apnea 

Relative contraindications* 

Baseline PSA >4, or PSA >3 ng/mL in men at high risk of prostate cancer, due to ethnicity or 
family history 

Severe lower urinary tract symptoms (AUA/IPSS score >19) 

Hematocrit >50 % 


“Affected patients should undergo further urologic and/or hematologic evaluation before starting 
testosterone therapy 


TRT generally reverses these side effects in the majority of men. Unwanted effects 
that are of particular concern include the development or acceleration of prostate 
and breast cancer, liver toxicity, erythrocytosis, precipitation or worsening of sleep 
apnea, exacerbation of heart failure, dyslipidemia, and increased cardiovascular 
events [14]. As a result, testosterone therapy is contraindicated in patients predis- 
posed to certain medical conditions (Table 5.1). 

Because the prostate is an androgen-sensitive organ, there is theoretical concern that 
the use of TRT in older men increases their risk of developing prostate cancer. However, 
this concern is not supported by the available evidence. No association between serum 
T concentrations and the risk of prostate cancer has been demonstrated to date [30]. 
Moreover, the prevalence of benign prostatic hyperplasia and prostate cancer has 
always been higher in older than in younger men, despite a decreasing trend in testos- 
terone levels with increasing age [31]. Although testosterone replacement in young, 
hypogonadal men increases prostate volume, it does so only to the extent seen in nor- 
mal, eugonadal men [32]. Testosterone therapy trials in older men have not reported an 
increase in prostate cancer over what would be expected from this age group. Longer- 
term studies with larger patient populations are needed to more definitively investigate 
this relationship. In the interim, hypogonadal men with a palpable prostate nodule, or 
elevated baseline PSA (i.e., PSA >4 or >3 ng/mL in men at high risk for prostate cancer 
based on ethnicity, family history, etc.), are recommended to undergo urologic evalua- 
tion prior to considering TRT. Testosterone therapy is contraindicated in men with 
active prostate cancer. There is some data from observational studies suggesting that 
TRT may be safely administered on an individual basis, and with close follow-up, to 
men with low-grade localized prostate cancer on active surveillance and men who have 
undergone radical prostatectomy and who have maintained an undetectable PSA for at 
least 2 years following surgery [33, 34]. The use of TRT in men who have completed 
radiation or other therapies for prostate cancer, regardless of PSA, is complicated by 
lack of a reliable marker for prostate cancer recurrence. 
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Most breast cancers in men are estrogen receptor positive. Since testosterone is 
partially metabolized to estradiol, there is concern that TRT may increase the risk of 
breast cancer in men receiving TRT. The increased incidence of breast cancer in 
men with KS compared to men without KS provides some support for this theory. 
However, the development of breast cancer following TRT is a rarely reported event 
[35, 36]. Breast examination before and during therapy should, nevertheless, be 
performed in all men. Patients with a history of breast cancer should not receive 
TRT. 

Liver toxicity secondary to TRT is associated with oral 17-alkylated testosterone 
derivatives, which are no longer recommended for use in hypogonadal men [14]. 
Several authors have suggested that TRT may also lead to abnormalities in the lipid 
profile, especially due to lowering of HDL. The data appears to be conflicting, with 
more recent studies suggesting no significant changes in serum cholesterol follow- 
ing testosterone therapy [37]. On the contrary, TRT may be associated with improve- 
ment in insulin resistance, obesity, and other cardiovascular risk factors in 
hypogonadal men [38, 39]. 

Concern for the adverse effects of TRT on cardiovascular health stems in large 
part from the results of the previously mentioned TOM trial, which was discontin- 
ued because 23 men in the TRT group versus 5 men in the placebo group experi- 
enced cardiovascular-related events [24]. These results must be interpreted with 
caution; however, due to the high prevalence of medical comorbidities among the 
study participants, the small sample size and the diverse nature of events are 
classified as adverse cardiac events. The results of the trial cannot be extrapolated to 
younger and otherwise healthy populations of hypogonadal men. 

One explanation provided for the increased incidence of congestive heart failure 
(CHF) in the TOM trial was the testosterone-induced salt and water retention, lead- 
ing to edema, hypertension, and CHF. The use of TRT is, therefore, contraindicated 
in patients with uncontrolled CHF. Interestingly, testosterone has been safely admin- 
istered to men with CHF in several trials and has even been shown to improve func- 
tional exercise capacity and symptoms in men with moderately severe CHF [40]. A 
recent meta-analysis by Haddad et al. studied the effect of TRT on cardiovascular 
risk and found widely discrepant methodological features and results among the 30 
trails included in the meta-analysis [41]. The authors failed to demonstrate any 
overall association between TRT and changes in blood pressure, glycemic control, 
lipid fractions, and adverse cardiovascular events [41]. On the contrary, Ohlsson 
et al. found that higher serum testosterone was associated with a reduced 5-year risk 
of cardiovascular events in elderly men [42]. However, because the potential asso- 
ciation between TRT and cardiovascular risk cannot be unequivocally denied, TRT 
should be not administered to men with a recent history of unstable angina, acute 
coronary event, or revascularization procedure. 

Testosterone therapy increases red blood cell mass in a dose-dependent manner, 
and the increase in hematocrit is greater in older men compared to younger men 
[43]. Erythrocytosis remains the most common drug-related event documented in 
TRT trials [2]. Calof et al. have shown that men treated with TRT are four times as 
likely to develop a hematocrit >50 % than men on placebo [44]. The hematocrit 
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level that significantly increases the risk of vasculo-occlusive events in men is not 
known. According to expert consensus, a hematocrit >50 % is a relative contraindi- 
cation to the administration of TRT and should prompt an appropriate hematologic 
evaluation in affected men. TRT should not be administered to men with hemat- 
ocrits >54 % [2]. 

Obstructive sleep apnea (OSA) is associated with low serum T and may be an 
independent contributing factor to the development of low T, although the direction- 
ality of this relationship has not been definitively established. Testosterone admin- 
istration has an anabolic effect on the neuromusculature of the upper airway and 
may induce or exacerbate OSA. A recent review of the literature on this topic con- 
cluded that the association between TRT and OSA was weak, at best, due to the 
methodologic limitations, small sample sizes, inconsistent results, and supraphysi- 
ologic T formulations used in the majority of studies [45]. Nevertheless, given the 
possible morbidity from such an association, the use of TRT is contraindicated in 
patients with untreated OSA. 

Recognizing the scarcity of randomized trial data consistently demonstrating 
improvements in clinically meaningful health outcomes and weighing the possible 
long-term risks associated with TRT in older men, the Endocrine Society’s expert 
panel has recommended against a general policy of offering TRT to all older men 
with low testosterone levels [3]. Instead, clinicians have been advised to consider 
TRT on an individual basis, in men with consistently low testosterone levels and 
significant symptoms of androgen deficiency. Age is certainly not a contraindication 
to TRT, but in order to better understand the risks and benefits associated with TRT 
in older men, the National Institute of Aging has undertaken a multicenter random- 
ized placebo-controlled trial of men 265 years of age. Results from the testosterone 
trial (http://www.clinicaltrials.gov/ct2/show/NCT00799617) are eagerly awaited. 


Therapeutic Options 


The adult testes produce approximately 5—7 mg of testosterone daily, a portion of 
which is aromatized to estradiol or converted to dihydrotestosterone (DHT) in target 
tissues. The dose dependency of various androgen-dependent processes appears to 
be different in different individuals. This variability, along with the diurnal, pulsa- 
tile, and annual variation in testosterone levels in men, makes it challenging to 
achieve truly physiological levels of testosterone and its metabolites with TRT. The 
goal of TRT is to maintain the daily circulating levels of testosterone within the 
normal reference range. Ideally, such therapy should be convenient and easy for 
patients to self-administer and should have negligible, if any, adverse effects on the 
prostate, liver, lipid profile, and cardiovascular system. 

Testosterone preparations have been available for the past 70 years and have 
evolved over time. Natural testosterone cannot be given orally or injected intrave- 
nously since it rapidly undergoes first-pass metabolism by the liver. Chemical 
modifications of testosterone molecule have led to improvements in bioavailability 
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and pharmacokinetics, as well as a variety of formulations to allow for oral admin- 
istration, transdermal application, subcutaneous injection, and subdermal implanta- 
tion. Table 5.2 summarizes the efficacy and side effect profile of the testosterone 
formulations currently available for the treatment of androgen deficiency. 


Oral 


The only T preparation available for oral administration is T undecanoate, which 
bypasses the liver via lymphatic absorption and delivers testosterone to the systemic 
circulation. The 40 mg tablets must be taken with food, and its absorption is highly 
dependent on the lipid content of food intake [46]. Use of this formulation leads to 
a short-lived peak in serum T of a few hours duration, necessitating multiple doses 
over the course of the day. This formulation has been proven to be safe for long- 
term use. Serum DHT:testosterone rations are higher in hypogonadal men treated 
with oral T-undecanoate, as compared to eugondal men [47]. However, the oral 
route is convenient for self-administration, dosing can be easily and rapidly adjusted, 
and the preparation can be discontinued quickly. This formulation is not available 
for use in the United States. 

Alternative oral formulations, such as 17a@-methyl T, should not be used due to 
the high associated risk of hepatotoxicity. 


Buccal 


Trans-buccal absorption of T directly into the circulation avoids intestinal absorption 
and, consequently, first-pass hepatic metabolism. Peak T levels are reached 30 min 
following administration, but the short half-life of this formulation necessitates twice 
daily administration [48]. The 30 mg buccal tablet (Striant®) is applied directly to the 
gums and must be removed after 12 h. Once applied, it softens and molds to the shape 
of the gum and allows for slow release of testosterone. Gum irritation and altered taste 
associated with the use of buccal tablets has been reported in 10-20 % of men. Men 
treated with 30 mg buccal tablets twice daily showed no difference in serum T levels 
when compared to men treated with 5 mg of transdermal T gel daily [46]. 

A previously tested sublingual T preparation showed a lack of efficacy and is not 
commercially available for use at the present time. 


Transdermal 


Transdermal formulations include patches and topical gels, which were developed 
in an effort to overcome the drawbacks of other delivery systems and allow for ease 
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of self-application. They require once daily application and are designed to provide 
slow and consistent delivery of T into the systemic circulation, mimicking natural 
circadian rhythms. More so than gel formulations, patches are associated with skin 
reactions at the application site, leading to a lower compliance rate. 

Testosterone patches are specifically formulated for use on either scrotal 
(Testoderm®) or non-scrotal (Androderm®) skin. Absorption through the scrotal 
epidermis is 40 times more effective than absorption through non-genital skin; 
therefore, the two patches have different pharmacokinetic profiles [47]. Scrotal 
patches are thin (0.14 mm) and deliver approximately 5 mg/day of testosterone. 
Serum T rises 2—4 h after application, maintains a steady level over the day, and 
declines quickly following patch removal. Patients must shave the scrotal skin in 
order for the patches to adhere well. As a result, scrotal patches have fallen out of 
favor and been replaced by non-scrotal patches that can be applied anywhere on the 
back, abdomen, upper arms, or thighs. In order to mimic natural testosterone secre- 
tion, it is recommended that the patch (2.5 or 5 mg) be applied at bedtime since peak 
T concentrations are reached approximately 8 h after application. Patch removal 
leads to rapid return to baseline T levels. 

Transdermal T gels consist of a hydroalcoholic preparation, with a strength of 
1-2 %, depending on the specific preparation (Androgel®, Fortesta®, Testim®, 
Axiron®). Following skin application, the steroid is rapidly absorbed into the stra- 
tum corneum, which forms a reservoir and acts as a rate-controlling membrane to 
provide continuous delivery of T over a 24-h period [46]. Skin absorption can vary 
between individuals, often requiring dose adjustments which are easy to make. It is 
recommended that the gel be applied in the early morning on intact dry skin of the 
upper arms, shoulders, abdomen, thigh, or underarm, depending on the preparation 
used. Potential side effects of the gel include skin-to-skin transfer to others, which 
can be avoided by wearing clothing to cover the application site. Serum DHT:T 
ratios are higher in hypogonadal men treated with T gels, as compared to eugonadal 
men. Long-term studies of T gels have shown them to be safe and effective in 
achieving testosterone concentrations in the normal reference range [49]. 


Injectable 


Injectable T preparations, arranged in ascending order of half-lives include 
T-propionate, T-cypionate, T-enanthate, and T-undecanoate. T-propionate is a short- 
term formulation, requiring re-dosing every 2-3 days. The half-life of T-propionate 
is 19 h, and peak levels are reached 14 h after administration [47]. For this reason, 
it is not suitable for long-term treatment of hypogonadism and is not widely used. 
T-cypionate and enanthate have similar half-lives and are administered as a dose 
of 200 mg every 2 weeks. Following administration, serum T reaches supraphysio- 
logic levels after 24 h, followed by a gradual decline to baseline T levels over the 
following 2 weeks. As a result, patients experience fluctuating high and low serum 
T levels, which may be paralleled by their symptoms. Nevertheless, T-cypionate and 
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enanthate are the most commonly used TRT formulations worldwide, due to low 
cost and long-term safety records. At the initiation of therapy, peak and trough 
serum T levels drawn 24—48 h after and before administration may help guide 
adjustment of the dose or dosing interval. Lower doses at more frequent intervals 
help minimize fluctuations in serum T. Alternatively, for patient ease, T levels may 
be checked midway between injections. 

T-undecanoate (Nebido®) is a long-lasting testosterone ester, which is not avail- 
able for use in the United States. A loading dose of 1,000 mg is administered intra- 
muscularly at the initiation of therapy, followed by a second dose at 6 weeks, and 
subsequent doses every 10-14 weeks thereafter. Formulated in castor oil to help 
promote a longer duration, the medication is injected slowly into the buttocks, where 
it forms a reservoir, from which it is gradually released into the bloodstream. This 
formulation therefore avoids the fluctuations in serum T levels seen with the other 
injectable T esters. Long-term studies have validated the clinical efficacy of 
T-undecanoate in maintaining therapeutic T levels [46]. Some patients have reported 
increased pain at the injection site compared to the other injectable formulations, 
perhaps due to the larger volume of drug delivered (4 mL). Cough following admin- 
istration has also been reported in a small number of cases. The mechanism for this 
is unclear but may be related to oil embolism. 


Subcutaneous Pellet 


An even longer-lasting option is the subdermal implantation of pellets (Testopel®) 
made of crystallized testosterone. Each pellet contains 75 mg of T, and typical dos- 
ing starts at 3—6 pellets placed every 3—6 months. Adjustment of the dose or dosing 
interval is required on an individual basis, and the optimal dose may exceed 10 pel- 
lets, if necessary, to achieve physiologic T levels. Possible implantation sites include 
the lower abdominal wall, buttocks, or upper thighs. Pellet implantation is a 10-15 
min office-based procedure, performed using local anesthesia. Following sterile 
technique, the insertion site is prepped and draped. The skin is infiltrated with local 
anesthetic, after which a 0.5-cm skin incision is made to accommodate the trocar. 
The implants are then removed from their sterile container, and the desired number 
is loaded into the trocar, which is then tunneled subdermally along individual tracks 
fanning out radially from the insertion site. In each track, the implants are expelled 
from the trocar by the obturator at a distance of 5—10 cm from the puncture site 
(Fig. 5.1). Once all pellets have been placed, the wound is closed with a steri-strip 
dressing. 

Absorption of testosterone occurs via erosion from the surface of the pellets and 
results in stable T levels maintained between implantations. Subdermal pellets are a 
convenient treatment option for TRT. However, surgical removal of the implants is 
difficult, and they should only be used in patients who have demonstrated a benefit 
from TRT. Disadvantages include adverse local effects such as extrusion, bleeding, 
infections, and fibrosis, but these are uncommon. 
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Fig.5.1 Subdermal implantation of testosterone pellets 


Varicocelectomy 


Several studies have reported a negative relationship between varicoceles and 
Leydig cell function in humans and animals [50]. Surgical induction of a varicocele 
in animal models is associated with reduced intratesticular and serum testosterone 
levels, and this decline is progressive over time [51]. In clinical studies, men with 
palpable varicoceles have been shown to have lower testosterone levels at every age 
when compared to fertile men without varicoceles [52]. A significant improvement 
in serum testosterone following varicocelectomy has been reported in over 70 % of 
men in some series [52-54]. The average improvement in serum T levels ranges 
from 50 to 180 ng/dL in various series and may be appreciated as early as 3 months 
following repair [52, 55]. This beneficial effect of varicocelectomy on serum testos- 
terone may also be independent of patient age [56]. 

Definitive statements regarding the magnitude of impact of varicoceles and vari- 
cocelectomy on serum T are limited by the frequent absence of control groups in 
many clinical studies addressing this issue, variability in study design, and inconsis- 
tent use of changes in serum testosterone as an end point. That said, a meta-analysis 
of available data does suggest an adverse effect of varicoceles on testosterone and a 
benefit of varicocelectomy [53]. In hypogonadal men, varicocele repair may be an 
important alternative to medical therapy. Additionally, there may be a prophylactic 
role for varicocele repair in men with large varicoceles, in order to prevent future 
androgen deficiency and obviate the need for TRT. 
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Microsurgical varicocelectomy is considered the gold standard technique for 
varicocele repair and is the preferred technique of the authors [57, 58]. Although an 
inguinal or subinguinal approach may be used, the latter is associated with less 
postoperative pain and is, therefore, favored. Following a 2-cm incision over the 
external ring, the spermatic cord is identified and elevated over a large penrose 
drain. Under 8—15x magnification, the external and internal spermatic fascia are 
opened. All visible veins are ligated, or controlled with bipolar electrocautery, and 
divided. Testicular and cremasteric arteries, as well as lymphatics of the spermatic 
cord, are identified and spared. The vas deferens, vasal arteries and veins, and cre- 
masteric fibers are preserved (Figs. 5.2 and 5.3). The testicle is then delivered 
through the subinguinal incision, and gubernacular veins are ligated and divided. 
Following return of the testicle to the scrotum, the cord is reexamined to ensure 
there are no remaining patent veins. The wound is then irrigated, infiltrated with 
local anesthetic, and closed in three layers. 


Selective Androgen Receptor Modulators (SARMs) 


Selective androgen receptor modulators (SARMs) are an emerging class of com- 
pounds with tissue-specific activity at the androgen receptor [59]. The goal of 
SARM therapy is to enhance anabolic activity while minimizing the adverse effects 
associated with TRT. Significant progress has been made in the development of 
SARMS over the past decade, and the most advanced therapies in this category are 
currently in phase I and II safety and efficacy trials for the treatment of frailty and 
cancer cachexia [60]. 

Structurally, SARMs can be categorized as steroidal or nonsteroidal compounds. 
Steroidal SARMs are formed by modifying the chemical structure of the testoster- 
one molecule and have been available since the 1940s. One example is 7a-methy] 
testosterone, or MENT, which is a more potent androgen than testosterone and has 
shown promising results in early trials as a treatment for hypogonadism and male 
infertility [61]. The more recently developed nonsteroidal SARMs have the advan- 
tage of undergoing neither 5-alpha reduction (conversion to DHT) nor aromatiza- 
tion (conversion to estradiol) [60]. They may, therefore, produce agonistic effects in 
some tissues, such as muscle, but minimally agonistic or even antagonistic effects 
in others, such as the prostate [61]. 

The precise mechanism of action of SARMs and the basis for their tissue-selec- 
tivity remains incompletely understood. Nevertheless, future indications for clinical 
use will likely include the treatment of androgen deficiency. Preclinical data from 
phase I and II trials do present some hurdles to SARM therapy in its present form 
due to associated decreases in serum high-density lipoprotein (HDL) and increases 
in liver enzymes (AST, ALT) [60]. Further studies and long-term data will be 
required prior to their introduction into the market. 
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Fig.5.2 Varicocele before ligation 


Fig.5.3 Varicocele after ligation 
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Pharmacogenetics 


The biologic effects of circulating testosterone concentrations show considerable 
inter-individual variability, as evidenced by the wide reference range for serum 
testosterone concentrations, and the heterogeneous clinical presentation of male 
hypogonadism. This variability may partly be explained by androgen receptor 
polymorphisms and genetic influences on the rate of aromatization and 5a reduc- 
tion of circulating testosterone. It is well accepted, for example, that CAG repeat 
polymorphisms of the androgen receptor modulates the activity of the androgen 
receptor and that their length is associated with degree of androgenicity in both 
eugonadal and hypogonadal men [62-64]. Presently, there is no commercial assay 
available to evaluate such genetic polymorphisms, but for hypogonadal men, future 
availability of such assays will undoubtedly support the development of individu- 
alized TRT based on patients’ androgen receptor polymorphisms and metabolic 
characteristics, in order to maximize therapeutic efficacy and minimize unwanted 
effects. 


Treatment of Hypogonadism in Men Desiring Fertility 


The HPG axis is regulated by feedback inhibition. Exogenous testosterone therapy 
suppresses pituitary gonadotropin release in normal men, with serum LH and FSH 
falling in a dose-dependent manner [65]. Depending on the testosterone formulation 
used and the frequency of dosing, physiological T replacement can significantly 
impair spermatogenesis [66]. As a result, exogenous T is generally avoided in sub- 
fertile and/or hypogonadal men who desire fertility in the short term. Instead, treat- 
ment is aimed at optimizing testicular function and enhancing both steroidogenesis 
and spermatogenesis. Therapeutic strategies are summarized in Table 5.3. 

Men with congenital or acquired HH can be treated with pulsatile GnRH or 
gonadotropin replacement therapy, depending on the underlying etiology. GnRH 
substitution is only effective in hypothalamic disorders, such as Kallmann’s syn- 
drome; pituitary insufficiency always requires gonadotropin therapy, either in the 
form of conventional human chorionic gonadotropin/human menopausal gonado- 
tropin (hCG/hMG) or, more recently, purified urinary FSH or recombinant human 
FSH. Because recombinant hormones are generally considered safer and more reli- 
able than their extracted forms, the use of recombinant human LH for the treatment 
of HH will likely replace hCG in future clinical practice. 

Hormonal treatment of men with HH usually results in sperm counts below the 
lower limit of the normal range. Fertility rates of over 70 % have nevertheless been 
demonstrated in these men, with sperm concentrations ranging from 1 to 20 x 10% 
mL [67, 68]. Burris et al. have demonstrated an increase in mean testicular volume 
accompanying the restoration of spermatogenesis and suggested that initial testicu- 
lar volume may be a predictor of the duration of therapy until sperm appear in the 
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Table 5.3 Treatment of hypogonadism in subfertile men 


Medication Dosage 
GnRH Pulsatile GnRH 5-20 ug every 90-120 min 
for 7 days 
Gonadotropins Human menopausal gonadotropin 75 IU 2-3 times weekly 
(hMG) 
Recombinant human FSH 100-150 IU 2-3 times 
weekly 
Human chorionic gonadotropin 1,500-3,000 IU 2-3 times 
(hCG) weekly 
Selective estrogen receptor Clomiphene citrate 12.5-25 mg daily 
modulators (SERMs) Tamoxifen 20 mg daily 
Toremifene 60 mg daily 
Aromatase inhibitors Anastrozole 1 mg daily 
Testalactone 100-200 mg daily 
Letrazole 2.5 mg daily 


ejaculate [68]. A history of cryptorchidism is predictive of requiring a longer dura- 
tion of therapy to restore spermatogenesis but does not preclude patients from gain- 
ing fertility [47, 67]. Since treatment may be required for up to 24 months for the 
induction of spermatogenesis in men with HH, it is strongly recommended that 
these men initiate therapy well in advance of the immediate desire for paternity. In 
repeatedly treated patients, the restoration of spermatogenesis is faster and time to 
pregnancy is shorter [67]. 


Pulsatile GnRH 


Pulsatile GnRH therapy requires the placement of a subcutaneous portable pump 
connected to a butterfly needle placed into the abdominal wall, which is changed 
every 2 days [47]. GnRH is administered at a dose of 5—20 ug every 90-120 min 
[69, 70]. The average duration of therapy is approximately 4 months, although treat- 
ment duration of up to 12 months has been reported [67]. GnRH stimulates the 
endogenous production of LH and FSH, although the dose response between LH 
and FSH is different [70]. Following GnRH administration, persistent deficiencies 
in FSH can be treated with hMG (75 IU 2-3 times weekly) or with recombinant 
human FSH (100-150 IU 2-3 times weekly). Similarly, persistent deficiencies in 
LH are treated by administration of hCG (1,500-3,000 IU 2-3 times weekly), which 
has biologically equivalent action to LH in the testis. GnRH therapy results in tes- 
ticular growth and the initiation of spermatogenesis in the vast majority of patients 
[69]. HCG can then be used on a semi-weekly basis to maintain spermatogenesis. 
Failure of GnRH therapy has been previously reported and attributed to mutation of 
the GnRH receptor [71] or development of anti-GnRH antibodies [72]. 
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Combined hCG/hMG 


Although effective, the requirement of pulsatile dosing makes GnRH therapy cum- 
bersome. As an alternative, the concomitant administration of hCG and either hMG 
or recombinant human FSH may be used for the treatment of HH with equivalent 
success [73, 74]. Therapy is initiated with the administration of hCG alone (1,500— 
3,000 IU 2-3 times weekly), for a period of 8-12 weeks. The dose of hCG can be 
adjusted to achieve serum T levels within the normal range. In most cases, hCG 
alone is insufficient to restore spermatogenesis. Exceptions include men with a par- 
tial gonadotropin deficiency or a gonadotropin deficiency acquired in the postpuber- 
tal period [70]. Following the induction phase, hMG is administered at a dose of 
75-150 IU 2-3 times weekly. The dose of hMG may be adjusted if gynecomastia 
develops. One drawback to the use of hCG is the development of anti-hCG antibod- 
ies, as described by Thau et al. [75], which eliminates patient response to further 
hCG therapy. Hypersensitivity reactions to hMG have also been reported, due to the 
presence of co-purified proteins [76]. Substitution of hMG with purified urinary 
FSH or recombinant human FSH eliminates this problem. 


Combined hCG/Purified Urinary FSH 


Purified urinary FSH has a much lower content of inactive, co-purified proteins 
compared to hMG (10,000 IU/mg of protein versus 150 [U/mg of protein, respec- 
tively) [47], but whether this translates to enhanced efficacy is unknown, because of 
a lack of direct comparison studies. Efficacy and safety data from the European 
Metrodin™ HP Study Group shows that treatment of HH men with hCG followed 
by purified urinary FSH (150 IU 3 times weekly) has comparable results to treat- 
ment with hCG/hMG [77]. 


Combined hCG/Recombinant Human FSH 


Recombinant FSH has advantages over urinary preparations in terms of purity, 
specific activity, consistent composition, and constant supply [78]. Administered at 
a dose of 150 IU 3 times weekly following induction with hCG, recombinant FSH 
has been shown to have equivalent efficacy to urinary FSH for restoring fertility in 
men with gonadotropin deficiency [79]. Since its introduction, the use of recombi- 
nant human FSH has been steadily increasing, relative to hMG and purified urinary 
FSH. 

Unlike TRT, pulsatile GnRH and gonadotropin therapy increases testicular size 
as well as testosterone levels, which may have psychological benefit for the patient 
in addition to the effects on fertility. In adolescent boys with HH, the use of these 
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treatments in place of exogenous T additionally avoids the side effects of gyneco- 
mastia and premature closure of the epiphyses associated with T administration. 
However, pulsatile GnRH therapy, hMG, hCG, and recombinant human FSH are 
considerably more expensive than TRT. Consequently, men with HH may be man- 
aged with TRT until they desire paternity. Following cessation of TRT, spermato- 
genesis can be restored in these men using gonadotropin replacement therapy. 
Testosterone replacement may be resumed once these patients have completed their 
families. 

Treatment strategies for men with primary hypogonadism who are interested in 
fertility are less straight-forward. In these men, serum LH and FSH is usually 
already elevated, and there is minimal benefit to the addition of gonadotropin ther- 
apy. Instead, the empiric use of estrogen receptor modulators and aromatase inhibi- 
tors remains common in this patient population [80], with variable efficacy, as 
discussed below and summarized in Table 5.3. 


Selective Estrogen Receptor Modulators (SERMs) 


Selective estrogen receptor modulators (SERMs) are a class of compounds that act 
as estrogen receptor agonists or antagonists in different tissues. Their use thereby 
grants the possibility of selectively stimulating or inhibiting tissue-specific estro- 
gen-like activity. While SERMs, such as clomiphene citrate (CC), tamoxifen, and 
toremifene, have been widely used for ovulation induction in women, as well as the 
treatment of breast cancer and osteoporosis, their off-label use has been expanded 
to the treatment of male hypogonadism and infertility. 

Clomiphene citrate is a weak estrogen receptor antagonist that competes with 
estradiol feedback at the pituitary and hypothalamic levels, leading to an increase in 
LH and FSH, and, thereby, in testicular steroidogenesis and spermatogenesis. The 
use of CC for the treatment of subfertile men with hypogonadism is common, 
although the number of prospective studies evaluating the safety and efficacy of CC 
in this setting is limited. Some studies do not clearly distinguish between men with 
primary versus secondary hypogonadism, making their conclusions difficult to 
interpret. Additionally, the majority of studies focus on changes in serum hormone 
profiles following CC administration, without a specific evaluation of changes on 
semen parameters. The reported dosing of CC ranges from 25 mg every other day 
to 50 mg daily, titrated to achieve serum testosterone concentrations in the normal 
range. 

In a double-blind placebo-controlled study of 17 patients with secondary hypog- 
onadism, Guay et al. demonstrated a significant increase in serum T, LH, and FSH 
after 4 months of therapy [81]. In a separate analysis, the same group of authors also 
demonstrated that the response to CC may vary based on individual medical comor- 
bidities [82]. Katz et al. prospectively investigated the efficacy of CC therapy in 86 
men with primary hypogonadism and found significant increases in serum LH, 
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FSH, estradiol (E), and T following CC therapy [83]. Unfortunately, semen param- 
eters were not analyzed in any of these three studies, and the impact of CC therapy 
on fertility was, therefore, not addressed. Even in eugonadal men, there is conflicting 
data on the efficacy of CC therapy for the treatment of idiopathic male infertility, 
with a large, double-blind placebo-controlled World health Organization (WHO) 
study showing no benefit of treatment [84] and a smaller randomized placebo-con- 
trolled trial showing improved semen parameters and pregnancy rates in men with 
oligoasthenozoospermia when CC was combined with antioxidant therapy [85]. 
Despite lack of consistent evidence for men with primary hypogonadism, the 
empiric use of CC retains at least some theoretic benefit, especially in the setting of 
eugonadotropic hypogonadism. 

Tamoxifen citrate is also a nonsteroidal estrogen receptor antagonist that acts at 
the hypothalamic and pituitary levels. Although the two have an identical mecha- 
nism of action, some authors favor tamoxifen because of a purported weaker estro- 
genic effect elsewhere in the body. Randomized, placebo-controlled trials assessing 
the efficacy of tamoxifen, or the related compound toremifene, have been performed 
in infertile men with idiopathic azoospermia or oligospermia but not in the setting 
of primary or secondary hypogonadism. Results from these trials have been incon- 
sistent, with some reporting improvement in semen parameters and pregnancy rates 
[86, 87], while others report an improvement in serum testosterone without any 
effect of semen parameters or fertility outcomes [88, 89]. 


Aromatase Inhibitors 


A subset of patients with primary hypogonadism who have elevated E levels (E > 
50 pg/mL or T:E ratio <10) may benefit from treatment with an aromatase inhibitor 
(anastrozole 1 mg daily, testolactone 100-200 mg daily, or letrazole 2.5 mg daily). 
Aromatase inhibitors increase serum T by inhibiting the negative feedback of estra- 
diol on the pituitary, in addition to directly inhibiting the peripheral conversion of T 
to E. Optimal candidates for aromatase inhibition have T:E ratios <10. Raman and 
Schlegel have described significant improvement in both T:E ratios and semen 
parameters following treatment with anastrozole and testolactone in appropriately 
selected patients [90]. 


Treatment Follow-Up 


Patients receiving TRT must be closely monitored for the development of any 
adverse effects associated with TRT or side effects specific to the various testoster- 
one delivery systems and to ensure that testosterone concentrations within the nor- 
mal range are being achieved. It is important to recognize that different organ 
systems respond differently to testosterone levels within the physiological range. 
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Libido and erectile function are seen to improve with levels in the low-normal range, 
whereas changes in skeletal muscle and bone density are dependent on dose and 
duration of therapy, and require T levels well within the normal or high-normal 
range [14]. Interval and long-term follow-up must, therefore, be maintained in all 
patients. Failure to benefit from appropriately dosed and monitored TRT within a 
reasonable time interval should prompt the investigation of additional causes of the 
patient's symptoms. 

The Endocrine Society guidelines provide a standardized monitoring plan for 
hypogonadal men receiving TRT [3]. It is recommended that all patients be evalu- 
ated 3—6 months following the initiation of therapy, and then annually, to determine 
symptom response as well as any adverse outcomes. TRT should aim to raise T into 
the mid-normal range. Since the response to therapy is influenced to some extent by 
the formulation used, the optimal time for assessment of serum testosterone levels 
is summarized accordingly in Table 5.2. Evaluation should consist of a total T and 
may include a free T level at the physician’s discretion. Serum LH levels have not 
been useful in monitoring adequacy of TRT in hypogonadal men [2]. 

TRT is associated with a dose-dependent increase in hematocrit, more so in older 
than younger men [3]. Accordingly, hemoglobin and hematocrit should be mea- 
sured at baseline in all men receiving TRT, then at 3—6 months after the initiation of 
therapy, and then periodically on at least an annual basis. A baseline hematocrit 
above 50 % is a relative contraindication to the initiation of TRT, as some of these 
men may develop a hematocrit over 54 % after the initiation of therapy. TRT should 
be discontinued in men with a hematocrit above 54 % until the hematocrit decreases 
to a safe level. TRT may then be reinitiated at a lower dose. These patients should 
additionally be monitored for sleep apnea and hypoxia. Although the use of thera- 
peutic phlebotomy has been described for hematologic conditions such as poly- 
cythemia and hemochromatosis, its role in the setting of TRT has not been specifically 
investigated. 

Bone mineral density (BMD) of the lumbar spine or femoral neck should be 
measured in hypogonadal men after 1-2 years of TRT, especially if there is a prior 
history of osteoporosis or low-trauma fracture. Based on the regional standard of 
care, patients may have baseline BMD assessed prior to the initiation of therapy. 

The most difficult issue in the follow-up of hypogonadal men receiving TRT 
relates to PSA and prostate cancer screening. The American Urological Association’s 
Best Practice Statement (2009) recommends obtaining a baseline PSA at age 40 and 
basing further prostate cancer screening on the patient’s age, race, and baseline PSA. 
Accordingly, hypogonadal men 240 years of age should undergo PSA measurement 
and digital rectal exam at baseline, then at 3-6 months following the initiation of 
TRT, and then at regular intervals based on individual-specific prostate cancer screen- 
ing recommendations [3]. A urologic consultation should be obtained for consider- 
ation of prostate biopsy if serum PSA increases >1.4 ng/mL within any 12-month 
period of T replacement. Alternate indications include a PSA velocity >0.4 ng/mL/ 
years, abnormal digital rectal exam, and an AUA/IPSS score >19 [3]. There is a bias 
toward detecting a greater number of prostate cancer events in TRT trails. Prostate 
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biopsies are triggered by increases in PSA, and as men on TRT are more likely to 
have an increase in PSA, so too are they at increased risk of undergoing prostate 
biopsy and being diagnosed with subclinical prostate cancers. A standardized moni- 
toring plan should be followed to limit non-indicated prostate biopsies. 


Summary 


The diagnosis of hypogonadism is made on the basis of clinical signs and symptoms 
consistent with androgen deficiency, in the setting of low serum testosterone levels, 
measured using a reliable assay. The goal of TRT is to maintain circulating testos- 
terone levels within the normal reference range, in order to alleviate the symptoms 
of hypogonadism while minimizing the adverse affects associated with testosterone 
replacement. There are several approved options available for the treatment of 
androgen deficiency, including oral, transdermal, injectable, and implantable for- 
mulations, as well as emerging therapies such as SARMs, each of these being asso- 
ciated with specific advantages, disadvantages, and side effects. The choice of 
therapy should be guided by consideration of the formulation-specific pharmacoki- 
netics and adverse effects, cost, and patient preference. 

In hypogonadal men with clinical varicoceles, varicocelectomy may be a reason- 
able option for improving testosterone levels without the need for TRT. The sup- 
pression of spermatogenesis following administration of exogenous testosterone 
has been well-documented. Therefore, in hypogonadal men who are interested in 
fertility, androgen deficiency may be treated with pulsatile GnRH and/or gonadotro- 
pin therapy using purified or recombinant LH and FSH preparations. The empiric 
use of SERMs and aromatase inhibitors for the treatment of men with primary 
hypogonadism is associated with variable outcomes, depending on the severity of 
the underlying defect. 

There are several potential benefits associated with TRT, including improve- 
ment in lean body mass, muscle strength, energy, mood, bone density, and sexual 
dysfunction. Adverse effects associated with TRT range from minor and reversible 
changes such as acne, hair loss, and gynecomastia to more serious conditions such 
as prostate cancer and heart disease. Because of the potential for testosterone- 
related morbidity, TRT is contraindicated in the setting of certain medical condi- 
tions, such as prostate and breast cancer, erythrocytosis, untreated severe obstructive 
sleep apnea, congestive heart failure, and recent myocardial infarction. All patients 
on any form of TRT should be followed for medical reevaluation on a regular 
basis. 

While the benefit-to-risk ratio is generally favorable in healthy, young, hypogo- 
nadal men, neither the clinical benefits of testosterone therapy on patient-important 
outcomes nor its long-term risks in older men with age-related decline in testoster- 
one level are known. Future trials will be key in better understanding the true impact 
of treating late onset hypogonadism. 
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Chapter 6 
Hypogonadism and Prostate Cancer: To Treat 
or Not to Treat 


Mohit Khera 


Abstract For decades, testosterone replacement therapy has been avoided in men 
with a history of prostate cancer due to concerns that testosterone may cause pros- 
tate cancer progression or recurrence. However, this concern is not well founded by 
the medical literature. Moreover, during the PSA era, there has been no significant 
data to show that testosterone causes prostate cancer progression or recurrence. In 
fact, there have been several studies suggesting that testosterone may be protective 
against prostate cancer. There are many theories, such as the prostate saturation 
theory, that may help us understand why testosterone may be safely administered in 
men with hypogonadism even after surgical treatment of prostate cancer. Because 
patients with hypogonadism may already be at a significant disadvantage in recov- 
ering their erectile function after prostatectomy, they perhaps should receive special 
consideration as candidates for androgen replacement therapy. 
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NOS Nitric oxide synthase 
PDES Phosphodiesterase type 5 
PSA Prostate-specific antigen 


RP Radical prostatectomy 

SHBG Sex-hormone-binding globulin 
TRT Testosterone replacement therapy 
TT Total testosterone 

XRT External beam radiation 
Introduction 


The testosterone replacement therapy (TRT) market has grown rapidly over the past 
decade. Exogenous testosterone in various forms is now the second fastest growing 
medication prescribed in the United States. From 2005 to 2009, spending on testos- 
terone jumped 115.5 %, and the number of prescriptions filled increased by 64.5 %. 
One of the main reasons for this rapid growth in the TRT market is due to decreased 
concern that TRT can lead to prostate cancer. Currently there is no convincing data 
to support that testosterone supplementation leads to prostate cancer. For many years, 
testosterone supplementation has been avoided in men with a history of prostate 
cancer due to fear that testosterone may cause prostate cancer progression or recur- 
rence. However, recently published data suggest that this fear may not be well 
founded. The recurring presence of prostate-specific antigen (PSA) in men with 
hypogonadism being treated with testosterone after prostatectomy is far less than the 
expected natural recurrence rate of the disease. Some have even suggested that TRT 
may be protective against the recurrence of prostate cancer. In fact, a study assessing 
the use of TRT in men with untreated prostate cancer found no significant change in 
PSA or prostate cancer progression [1]. There are many theories, such as the prostate 
saturation theory, that may help us understand why testosterone may be safely admin- 
istered in men with hypogonadism even after surgical treatment of prostate cancer. 
Because patients with hypogonadism already may be at a significant disadvantage in 
recovering their erectile function after prostatectomy, they perhaps should receive 
special consideration as candidates for androgen replacement therapy. 


Historical Understanding of Testosterone’s Impact 
on Prostate Cancer 


The beneficial effects of testosterone have been suspected for thousands of years. In 
2000 BC, the ancient Indian manuscripts described the ingestion of testicular tissue 
for the treatment of male impotence. The ancient Egyptians also described the 
medicinal powers of the testis, but it was not until 1889 that Charles Brown-Sequard 
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injected himself with an extract of crushed canine and guinea pig testes and reported 
improvements in his urinary stream, intellect, and erectile function. In 1920, Serge 
Veronoff completed the first testicular tissue transplant from chimpanzee to human 
[2]. In 1941, Butenandt and Ruzicka first described the synthesis of testosterone. It 
was that same year in 1941 when attempts were made to understand the association 
between testosterone and prostate cancer and PSA. 

In 1941, Huggins and Hodges published two landmark articles reporting that 
castration in men with metastatic prostate cancer lowered serum acid phosphatase 
and testosterone administration increased acid phosphatase [3]. They also found in 
these men with metastatic prostate cancer a significant clinical benefit with castra- 
tion and an increase in bone pain with testosterone administration. These findings 
led to the modern-day practice of medical or surgical castration for men with meta- 
static prostate cancer. However, when carefully examining the initial work of 
Huggins and Hodges, you will find that they had only treated three men with testos- 
terone and results were only given for two of these men. One of these men had 
previously been castrated. Thus, the supporting data to support that testosterone 
administration causes worsening of prostate cancer and an elevation in PSA is based 
on one single patient! Later studies by Prout and Brewer found that 26 men with 
clinically advanced prostate cancer who were untreated or recently had been cas- 
trated did not have any negative effects or rise in acid phosphatase after being treated 
with daily testosterone injections over several weeks [4]. In addition, studies by 
Fowler and Whitmore found that while men with prostate cancer who had been 
castrated prior to testosterone treatment had “unfavorable” responses, men with 
prostate cancer who were not castrated prior to TRT did not experience any negative 
outcomes up to 310 days [5]. These authors concluded that naturally occurring tes- 
tosterone concentrations may be enough to provide near-maximum stimulation of 
prostate cancer. It is clear from these earlier studies that not only is our concern that 
testosterone causes prostate cancer not well founded but that there is a difference in 
the relationship between testosterone and the prostate in castrated and noncastrated 
patients. This difference can be explained by the prostate saturation theory. 


Prostate Saturation Theory 


The prostate saturation theory is based upon the relative activity of androgen recep- 
tors, which are stimulated by testosterone and directly regulate the gene for PSA in the 
prostate. The theory suggests that PSA levels and prostate tissue growth are sensitive 
to changes in serum testosterone levels only when testosterone serum levels are low. 
At this low level, prostate androgen receptors lack bound testosterone and are inactive, 
the prostate shrinks, and PSA levels decrease. Conversely, when testosterone levels 
are normal, all available androgen receptors are saturated by hormone and further 
increases in testosterone have no effect on prostate size or PSA levels (Fig. 6.1). 

A study by Marks et al. on the effect of TRT on prostate tissue in men who had 
late-onset hypogonadism helps explain the prostate saturation theory [6]. In this 
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Fig.6.1 Prostate saturation model suggesting that PSA changes and prostate growth only occur at 
lower levels of testosterone 


randomized, double-blinded, controlled trial, 40 men with hypogonadism were 
treated with testosterone enanthate, 150 mg, or placebo intramuscularly every 2 
weeks. Prostate biopsies were performed at baseline and at the end of 6 months. 
Serum testosterone increased from 282 to 640 ng/dL in the treated men. In contrast, 
there was no significant change in testosterone levels within the placebo-treated 
group (282-273 ng/dL). Testosterone and dihydrotestosterone (DHT) concentra- 
tions within the prostate did not change significantly in either group. Treatment- 
related changes in prostate histology, PSA, tissue biomarkers, gene expression, or 
cancer incidence or severity were not evident. These data suggest that while 6 
months of TRT normalizes serum androgen levels, it appears to have little effect on 
prostate tissue androgen levels and androgen-dependent cellular functions. 

One of the best models to support the prostate saturation theory is when men 
receive luteinizing-hormone-releasing hormone (LHRH) agonists for the treatment 
of prostate cancer. Initially when LHRH agonists are given, there is a large surge in 
testosterone. However, the PSA does not increase during this time. This is probably 
due to the fact that the prostate receptors are saturated and the additional testoster- 
one to the prostate will have no further effect. As the testosterone levels begin to 
decline to low levels, the PSA then begins to decline toward low levels. In a study 
by Tomera and colleagues, they did not notice any increase in PSA level above 
baseline in men being treated for metastatic prostate cancer with LHRH agonists 
alone [7]. The testosterone flare did not result in any increase in PSA or prostate 
cancer growth despite the mean PSA starting at 500 ng/mL. These data also suggest 


6 Hypogonadism and Prostate Cancer: To Treat or Not to Treat 93 


that androgen receptors in prostate cancer cells may become saturated and higher 
levels of serum testosterone may not result in any further increase in PSA levels. 

In further support of the prostate saturation theory, a study by Khera et al. evalu- 
ated changes in PSA levels in men being treated with testosterone for hypogonadism 
[8]. This was an observational registry study comprising of 451 men who were 
divided into two groups: group A (total testosterone (TT)<250 ng/dL, n=197) and 
group B (TT2 250 ng/dL, n=254). The groups differed significantly in free testoster- 
one (FT) and sex-hormone-binding globulin (SHBG), but not age or PSA levels. In 
group A but not group B, PSA significantly correlated with TT (r=0.20, p=0.005), 
FT (r=0.22, p=0.03), and SHBG (r=0.59, p=0.002) at baseline. After 12 months of 
TRT, increased PSA was statistically significant in group A (+0.19+0.61 ng/mL, 
p=0.02) but not in group B. The average percent PSA increase from baseline was 
higher in group A (21.9 %) than in group B (14.1 %). Overall, the greatest PSA levels 
were observed after 1 month’s treatment and declined thereafter. Patients with base- 
line TT <250 ng/dL were more likely to have increased PSA after TRT than patients 
with baseline TT 2250 ng/dL, supporting the prostate saturation hypothesis. 


Understanding Testosterone’s Effect on PSA and Prostate Volume 


It is important to understand how testosterone affects prostate tissue growth and 
changes in PSA. In the past, several studies have demonstrated that there is no 
significant increase in PSA levels upon administration of testosterone [9]. Today we 
know that there may be a slight rise in PSA after initiating TRT, especially in men 
who are more severely hypogonadal [8]. There is a belief that the higher one raises 
serum testosterone levels, the higher the PSA will rise. However, studies have dem- 
onstrated that even raising testosterone to supraphysiologic levels did not result in a 
significant increase in serum PSA levels. Bhasin et al. administered testosterone 
enanthate, 600 mg, or placebo weekly for 10 weeks to 43 healthy young men [10]. 
Although testosterone levels greater than 2,800 ng/dL were seen, there were no 
significant increases in PSA levels or prostate growth. Similarly, Cooper et al. ran- 
domized 31 young healthy men to receive 100, 250, or 500 mg of testosterone via 
intramuscular injection once a week for 15 weeks [11]. Supraphysiologic serum 
testosterone levels of 1,138 and 1,994 ng/dL were seen at doses of 250 and 500 mg, 
respectively. No significant change occurred in the prostate volume or serum PSA 
levels at any dose of exogenous testosterone. 


Low Testosterone: A Risk Factor for Prostate Cancer 


If one assumes that higher testosterone levels are associated with a greater chance of 
developing prostate cancer, then one would also assume that lower levels of testos- 
terone would be protective against the development of prostate cancer. However, 
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current data have demonstrated that low testosterone levels are more likely to be 
associated with prostate cancer. Morgentaler and Rhoden found that cancer was 
detected in 21 % of men with a low testosterone level of 250 ng/dL or less compared 
with 12 % of men with a testosterone level greater than 250 ng/dL [12]. Hoffman and 
colleagues demonstrated that men with low testosterone values (<300 ng/dL) had a 
47 % chance of having prostate cancer detected on transrectal ultrasound biopsy 
compared with only 28 % of men with normal testosterone levels (P < 0.018) [13]. 
Yamamoto and colleagues demonstrated that preoperative testosterone serum levels 
were an independent and significant predictor of PSA failure after radical prostatec- 
tomy in patients who had clinically localized prostate cancer [14]. In this study, the 
5-year PSA failure-free survival rates of the patients with preoperative low testoster- 
one levels were significantly lower than those with normal testosterone values (67.8 
versus 84.9 %, respectively; P<0.035). In fact, several studies have found that low 
testosterone levels were associated with more aggressive and higher-grade prostate 
cancer [15, 16]. These findings suggest that low circulating testosterone levels may 
not have a protective effect against the development of prostate cancer. 


Changes in Testosterone Levels After Prostatectomy and XRT 


Significant changes in serum testosterone levels have been reported after radical 
prostatectomy (RP) and external beam radiation therapy (XRT), even in the absence 
of androgen deprivation therapy (ADT). Studies have generally demonstrated that 
testosterone levels decline after XRT and may increase after prostatectomy. However, 
few studies have reported no significant changes in serum testosterone after RP or 
XRT [17, 18]. One study found that men treated with XRT were more likely to 
become hypogonadal than men who underwent RP, with a 27.3 % lower testoster- 
one and 31.6 % lower FT in the XRT group [19]. Two additional studies reported 
testosterone levels that did not recover to pretreatment levels in 40 % of men after 
XRT, with median decreases in testosterone of 17-19 % [20, 21]. Several studies 
have also reported drops in testosterone levels post-XRT, with subsequent normal- 
ization to pretreatment levels [22]. Finally, Miller et al. found that prostate cancer 
exerts an inhibitory effect on testosterone synthesis, with a significant increase in 
testosterone after an RP [23]. 


Testosterone Replacement Therapy in Men Without a History 
of Prostate Cancer 


To date, there is no convincing data to support that giving men testosterone increases 
their chances for developing prostate cancer. Calof et al. performed a meta-analysis 
of 19 placebo-controlled TRT trials in men with hypogonadism and found no higher 
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risk of prostate cancer in men being treated with testosterone than in men receiving 
a placebo [24]. Roddam et al. studied sex hormone levels and the risk of developing 
prostate cancer in 3,886 men with prostate cancer with over 6,438 men without pros- 
tate cancer serving as age-matched controls. They found no relationship between the 
risk of developing prostate cancer and serum concentrations of testosterone, free 
testosterone, and DHT levels [25]. Shabsigh et al. conducted a systematic review of 
the literature assessing the risk of prostate cancer in men being treated for hypogo- 
nadism with TRT. They found 11 placebo-controlled randomized studies, 29 non- 
placebo-controlled studies of men with no prostate cancer history, and five studies of 
men with hypogonadism with a history of prostate cancer. Of the studies that met 
inclusion criteria, none demonstrated that TRT in men with hypogonadism increased 
the risk of prostate cancer or increased the Gleason grade of cancer detected. 
Furthermore, TRT did not have a consistent effect on PSA levels [26]. 


Men with a Personal History of Treated Prostate Cancer 


Approximately 217,730 new cases of prostate cancer were diagnosed in 2010, and 
about 32,050 men died of the disease [27]. Traditionally, these patients have been 
denied TRT. If we assume that 39 % of men over the age of 45 years are hypogo- 
nadal and that most men being diagnosed and treated for prostate cancer are over the 
age of 45 years, this results in a significant number of patients with hypogonadism 
after prostate cancer treatment [28]. A decision to deprive these men of testosterone 
supplementation should be based on conclusive evidence that giving these men tes- 
tosterone supplementation would increase the risk of prostate cancer progression 
and recurrence. This conclusive evidence has not been found. 

Several recent studies have examined the use of TRT following RP and have 
shown an improvement in testosterone without a corresponding increase in PSA. 
Up to date, there have only been three retrospective studies assessing the use of TRT 
after RP. Agrawal et al. published a series of ten patients with history of RP for 
organ-confined prostate cancer who were treated with TRT for symptomatic hypog- 
onadism [29]. At 19 months, patients had improved testosterone levels and hypogo- 
nadal symptoms, while none had recurrence of their disease. 

Another study by Kaufman and Graydon examined outcomes of seven symptom- 
atic hypogonadal men treated with androgen replacement after curative RP in early 
stage prostate cancer [30]. Results over a follow-up period of up to 12 years docu- 
ment normal testosterone levels with symptomatic improvement without significant 
increase in PSA or biochemical recurrence of prostate cancer. Khera further confirms 
no incidence of prostate cancer recurrence or significant increases in PSA in 57 
post-retropubic RP men with an average of 13 months of TRT treatment [31]. These 
three studies comprise a total of 74 patients published in the literature who have 
received testosterone following an RP. Clearly we cannot state that TRT is safe 
based on these small retrospective studies, and large randomized placebo trials are 
needed to truly assess the safety of TRT following RP. Currently a randomized pla- 
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cebo trial assessing TRT following RP is underway (Baylor College of Medicine, 
http://clinicaltrials.gov/ct2/show/NCT00848497). 

The data on the use of TRT after XRT and brachytherapy for prostate cancer is 
even more limited. Sarosdy evaluated TRT in patients with prostate cancer who 
were treated with brachytherapy [32]. In this study, 31 men were followed for a 
median of 5 years after starting TRT. Although testosterone levels increased 
significantly, no patient stopped TRT because of cancer recurrence, and no patient 
experienced cancer progression. Morales et al. published a study of five patients 
with hypogonadism treated with TRT after external beam radiation for prostate can- 
cer [33]. None of the patients in this series developed a biochemical recurrence even 
up to 27 months after treatment. 

When including all abstracts and publications that have been published thus far, 
there have been a total of 292 patients treated with testosterone after prostate cancer, 
and the risk of recurrence is less than | %. This is far less than the expected natural 
recurrence of the disease. Although most patients with prostate cancer treated with 
local therapy are cured, approximately 15—40 % will experience a biochemical PSA 
recurrence [34]. The recurrence rates in these series of men being treated with TRT 
after treatment of prostate cancer are even lower than patients with favorable pathol- 
ogy after RP and not treated with testosterone [35]. 


Could Testosterone Supplementation Be Protective Against the 
Development of Prostate Cancer? 


The significantly low rate of prostate cancer recurrence and progression in men 
being treated with TRT after radical prostatectomy lends to the question of whether 
testosterone supplementation could have a protective effect in men with a history of 
prostate cancer. There is data to support that men with lower testosterone levels are 
more likely to have prostate cancer and more aggressive prostate cancer. There are 
also data to suggest that androgens may have a beneficial effect on prostate cancer 
by promoting a less aggressive phenotype via the androgen receptor [36]. A study 
by Hatzoglou et al. found that membrane androgen receptor activation induced 
apoptotic regression of human prostate cancer cells in vitro and in vivo [37]. More 
studies are needed to further understand these findings. 


Why Is Testosterone Important After the Treatment 
of Prostate Cancer? 


Testosterone deficiency can have a negative impact on a man’s quality of life, includ- 
ing decreased energy and libido, erectile dysfunction, depression, increased body 
fat, decreased bone mineral density, and decreased muscle mass [28] (Table 6.1). 
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Table 6.1 Common signs and symptoms of hypogonadism 


Physical signs Symptoms 

Increased body fat, BMI Decreased energy or motivation 
Reduced muscle bulk and strength Depressed mood 

Low bone mineral density Diminished libido, erectile dysfunction 
Loss of body hair (axillary and public) Diminished work performance 


Poor concentration and memory 
Sleep disturbance 


Adapted from The Endocrine Society Guidelines, 2006 


Furthermore, TRT has been shown to reverse the signs and symptoms of hypogo- 
nadism [38, 39]. Men who have undergone an RP are more likely to suffer from 
erectile dysfunction, decreased sexual performance, depression, and decreased 
libido than men without a history of RP. Thus, low serum testosterone levels in men 
after an RP may exacerbate these signs and symptoms. 

While the majority of the studies assessing TRT after prostatectomy have 
focused on safety, very little emphasis has been placed on efficacy of TRT after 
prostatectomy. The literature suggests that a hypogonadal man may be at a 
significant disadvantage in recovering his erectile function compared to a eugo- 
nadal man. Androgen deprivation is thought to negatively impact erectile function 
through four major mechanisms. These mechanisms include impairment of nitric 
oxide synthase (NOS) release, altered phosphodiesterase type 5 (PDES) expression 
and activity, impaired cavernosal nerve function, and contribution to venoocclusive 
disease in the penis. 

Animal studies have demonstrated that androgens regulate the expression of 
NOS isoforms in the corpora cavernosa [40—42]. A study by Traish and colleagues 
demonstrated that castration of adult male rats decreased the activity of penile neu- 
ral and endothelial NOS, and this was associated with a reduction in erectile response 
to electrical stimulation of the cavernosal nerve. Nitric oxide (NO)-mediated relax- 
ation of vascular smooth muscle and the cavernosal trabeculae has also been shown 
to be androgen dependent [43]. 

Androgens help maintain innervation of penile tissue. Schirar demonstrated 
that androgen receptors were present in approximately 40 % of neurons in the 
major pelvic ganglion innervating the corpora cavernosa of the rat penis [44]. 
Giuliano et al. have suggested that androgens enhance cavernosal nerve function 
by acting peripherally in the spinal cord [45]. Syme et al. studied 45 male 
Sprague—Dawley rats that underwent bilateral cavernous nerve neurotomy, fol- 
lowed by unilateral nerve graft using the genitofemoral nerve [46]. Rats were 
then randomized to castrate, intact, and testosterone-treated arms. The investiga- 
tors found that castration resulted in a decreased erectile response to electro- 
stimulation following nerve grafting, while testosterone replacement resulted in 
a return of erectile response similar to that in intact animals. These studies sug- 
gest that androgens may have an effect on cavernosal nerve preservation and 
function. 
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Androgen deprivation may be a major contributing factor in venoocclusive dis- 
ease through four potential mechanisms: a reduction in trabecular smooth muscle 
content, changes in fibroelastic properties of the tunica albuginea, increased subtu- 
nical fat deposition, and increased deposition of smooth muscle connective tissue. 
Bhasin et al. demonstrated in animal studies that androgens promote the commit- 
ment of pluripotent stem cells into a muscle lineage and inhibit their differentiation 
into adipocytes [47]. Thus, lack of androgens can lead to accumulation of adipo- 
cytes in the subtunical region of the corpora cavernosa, which in turn can result in 
an inability of the cavernosal smooth muscle to compress the subtunical venules. 
Traish and colleges have demonstrated that androgen deprivation leads to a decrease 
in cavernosal smooth muscle and decreased intracavernosal pressures after cavern- 
osal nerve stimulation [43]. 

Finally, studies suggest that androgen deprivation leads to increased corporal 
smooth muscle collagen deposition by (1) reducing paracrine growth factors (i.e., 
vascular endothelial growth factor, fibroblast growth factor, and insulin-like 
growth factor), (2) upregulation of connective tissue proteins (i.e., connective tis- 
sue growth factor and transforming growth factor beta 1), and (3) downregulation 
of metalloproteinases [48]. All of these factors contribute to an increase in colla- 
gen deposition in the corporal smooth muscle and are thought to contribute to 
venous leak. 


TRT in Men with Untreated Prostate Cancer 


Every day, men with untreated “occult” prostate cancer are being treated with TRT. 
It is known that the risk of occult prostate cancer in the community is one in seven 
men [49]. Thus, every day, men with undiagnosed prostate cancer are being treated 
with testosterone. However, in every significant study, the incidence of prostate can- 
cer in those men being treated with testosterone is identical to those men not being 
treated with testosterone. In other words, testosterone is not further progressing the 
cancer already present in undiagnosed men. 

A recent study investigated the effect of testosterone therapy in men with 
untreated prostate cancer [1]. A total of 13 symptomatic testosterone-deficient men 
with untreated prostate cancer who were undergoing active surveillance received 
testosterone therapy for a median of two and a half years (range 1.0-8.1). Mean age 
was 58.8 years. Gleason score at initial biopsy was 6 in 12 men and 7 in 1. Mean 
number of follow-up biopsies was 2. Mean serum concentration of total testosterone 
increased from 238 to 664 ng/dL (p=0.001). Mean PSA did not change with testos- 
terone therapy. Prostate volume was also unchanged. No cancer was found in 54 % 
of follow-up biopsies. While biopsies in two patients suggested upgrading of patho- 
logic grade, follow-up revealed no upgrading of cancer stage. No local prostate 
cancer progression or distant disease was observed in this study. These results are 
consistent with the saturation model demonstrating that maximal prostate cancer 
growth is achieved at low androgen concentrations. 
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Conclusion 


The decision on whether to treat a patient after prostate cancer must be based on 
sound clinical judgment. Clearly, patients after RP with low-volume, low-grade, 
low-stage disease and undetectable PSA are at less risk for PSA recurrence and may 
warrant a trial of testosterone. These patients should be clearly counseled on the 
current unknown risks of prostate cancer and progression. However, new data in this 
field continues to emerge, and randomized placebo trials are currently underway. 
Although extremely limited, our current data suggests that PSA recurrence in those 
men being treated with testosterone is less than those men not being treated with 
testosterone and thus asks the question if TRT in men following prostatectomy 
could be protective against the progression and recurrence of the disease. Finally, 
current data suggests that testosterone is important for the recovery of erectile func- 
tion following prostate cancer treatment, and this should be taken into consideration 
when evaluating men seeking TRT following prostate cancer treatment. 
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Chapter 7 
Testosterone and Male Infertility 


Tung-Chin Hsieh, Matthew McIntyre, and Larry Lipshultz 


Abstract Testosterone is one of the most important hormones of male fertility. Its 
production is a highly regulated process involving the hypothalamic-pituitary- 
gonadal axis. Hypogonadism can lead to impaired spermatogenesis and is found in 
up to 30 % of male infertility patients. It can be due to deficiencies of gonadotropins 
and steroidogenic enzymes, congenital abnormalities, chronic illness, history of 
exogenous testosterone administration, insult, or neoplasm of the brain. Effective 
treatment of hypogonadism in male infertility involves accurate diagnosis and care- 
ful hormone replacement based on our understanding of the hypothalamic-pituitary- 
gonadal physiology. Advancement in genetic research has identified multiple 
genetic defects resulting in hypogonadism. Greater understanding of the endocrino- 
logic mechanism of spermatogenesis will further help infertile patients. 
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CAG Cytosine adenine guanine 

CAH Congenital adrenal hyperplasia 
c-AMP Cyclic adenosine monophosphate 
CNS Central nervous system 

DHT Dihydrotestosterone 

DNA Deoxyribonucleic acid 


E2 Estradiol 

FSH Follicle-stimulating hormone 
GnRH = Gonadotropin-releasing hormone 
hCG Human chorionic gonadotropin 


HH Hypogonadotropic hypogonadism 
hMG Human menopausal gonadotropin 
HPG Hypothalamic-pituitary-gonadal 


ICSI Intracytoplasmic sperm injection 
KS Klinefelter’s syndrome 

LDL Low-density lipoprotein 

LH Luteinizing hormone 

MRI Magnetic resonance imaging 


PCT Post cycle therapy 
SHBG Sex hormone-binding globulin 
TRT Testosterone replacement therapy 


Introduction 


Testosterone is an essential male hormone. In utero, its role in genital tract develop- 
ment is paramount for proper male genital formation. When puberty begins, testos- 
terone takes a central role in initiation of spermatogenesis and development of 
secondary sexual characteristics. Testosterone is required to maintain maleness in 
the adult. The male hormonal reproductive axis is a finely tuned apparatus with 
exquisite control over its biological effects. 


Physiology Testosterone Production 


Testosterone is a steroid hormone. In men, it is almost exclusively produced by the 
Leydig cells of the testis. In adult men, the average testosterone production is 
7,000 g/day [1]. As a steroid, testosterone is lipid soluble and able to traverse the 
cell membrane where it then binds to the androgen receptor (AR). Once bound, this 
AR-testosterone complex is then able to enter the nucleus of the cell where it inter- 
acts with deoxyribonucleic acid (DNA) at androgen response elements. As the 
bound AR associates with DNA, the recruitment of coactivators helps to form the 
transcriptional apparatus. This completed apparatus performs androgen-regulated 
gene transcription which leads to downstream protein synthesis [2]. 
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Once testosterone is excreted into the circulation, the majority of testosterone is 
bound to plasma proteins. The primary proteins that bind testosterone are sex hor- 
mone-binding globulin (SHBG) and albumin. The majority of testosterone is bound 
to albumin (54—68 %); slightly less is bound to SHBG (30-44 %), and only 0.5-3 % 
remains unbound or as free testosterone [3, 4]. SHBG is produced by the liver and 
avidly binds to testosterone rendering it biologically unavailable [5]. Albumin’s 
association with testosterone is much weaker. Albumin-bound testosterone and the 
small percentage of unbound testosterone, compose what is termed bioavailable 
testosterone. These bioavailable testosterone molecules have the ability to enter tar- 
get tissues, bind to the AR, and initiate protein synthesis. 


Hypothalamic-Pituitary-Gonadal Axis 


Testosterone is produced by the Leydig cells of the testicular interstitium. The con- 
trol over this production is a complex and tightly regulated process that involves the 
brain via the hypothalamus, the anterior pituitary, and the testicle. This is referred to 
as the hypothalamic-pituitary-gonadal (HPG) axis. The regulation of the HPG axis 
has both a feed forward and negative feedback control. 

Testosterone production begins with the release of the decapeptide gonadotro- 
pin-releasing hormone (GnRH) from neurons within the medial basal hypothala- 
mus. The axon terminals release this hormone into the hypothalamic pituitary portal 
system. This network of capillaries delivers GnRH to the anterior pituitary and stim- 
ulates the production of the gonadotropins, luteinizing hormone (LH), and follicle- 
stimulating hormone (FSH). The levels of GnRH released are in such low 
concentrations that it cannot be measured directly from peripheral blood for any 
clinical utility [6]. GnRH is released in a pulsatile manner, though the mechanisms 
controlling this release are not well understood. The pulsatile release of GnRH 
causes a pulsatile release of the gonadotropins. Due to the longer half-life of FSH 
(3-4 h), only the LH pulses can be measured in serial peripheral blood samples. 
Normal men will demonstrate 12-16 LH pulses over a 24-h period, i.e., roughly 
every 20 min [7]. The pulsatile nature of GnRH release is significant for its effect on 
the anterior pituitary. The effect of exogenous, continuous administration of low- 
dose GnRH results in suppression of gonadotropin release [8]. The administration 
of a high-dose GnRH agonist also inhibits gonadotropin release and subsequent 
testosterone synthesis. This understanding has been used for decades in the hor- 
monal treatment of prostate cancer. 

The gonadotropins LH and FSH belong to the glycoprotein hormone family 
along with thyroid-stimulating hormone and human chorionic gonadotropin (hCG). 
This family shares a common alpha subunit, while each individual peptide in the 
hormone family has a unique beta subunit that confers its specificity for a particular 
receptor in the target organ [6]. 

LH binds to a G protein-coupled receptor on the cell surface of the Leydig cell. 
This causes an increase in cyclic adenosine monophosphate (c-AMP). The 
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Fig. 7.1 Diagram of feed 
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increase of c-AMP has several effects with most directed at the rate-limiting steps 
of steroidogenesis. In humans, cholesterol is synthesized within Leydig cells, and 
circulating LDL cholesterol is used to generate testosterone through an enzy- 
matic process. The pulsatile release of LH from the anterior pituitary results in a 
pulsatile response of testosterone production by the testis [9]. Testosterone pro- 
duction also exhibits a circadian rhythm, particularly in younger men. This 
rhythm can result in a difference from peak to nadir of 140 ng/dl. Peak testoster- 
one levels occur at approximately 8 a.m. and nadir levels at approximately 8 p.m. 
[10]. The circadian changes in testosterone levels are present in older men as well 
but with significantly smaller variation from peak to nadir, i.e., approximately 
60 ng/dl [10]. 

Testosterone production is regulated by a negative feedback loop. Testosterone 
and its aromatized metabolite estradiol (E,) act at both the level of the hypothalamus 
and the anterior pituitary to decrease secretion of GnRH and the gonadotropins. 
GnRH-producing neurons have been shown to lack the androgen or estrogen 
receptors. The exact mechanism of this negative feedback is not known but ani- 
mal models suggest an indirect feedback from surrounding neurons [11]. The 
anterior pituitary is not directly responsive to testosterone. Testosterone must be 
converted to E, which then provides the negative feedback signal [12]. This is the 
complete pathway for the control of LH-dependent testosterone production 
(Fig. 7.1). 

The control of FSH and spermatogenesis varies slightly. Testosterone and FSH 
exert their effects on Sertoli cells of the seminiferous tubules. The Sertoli cells in 
turn act as nurse cells to spermatogonia and aid in spermatogenesis. In response to 
FSH stimulation and spermatogenesis, Sertoli cells produce the glycoprotein Inhibin 
B. Inihibin B has a negative feedback effect on the anterior pituitary decreasing FSH 
production [13]. 
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Hypogonadism 


Hypogonadism is most commonly defined biochemically as a serum testosterone 
less than 300 ng/dl. This is not a universal diagnosis, however, and current American 
Endocrine Society guidelines state that “clinicians should use the lower limit of a 
normal range for healthy young men established in their own laboratory” [14, 15]. 
Physical signs of postpubertal hypogonadism include increased body fat, reduced 
muscle bulk and strength, low bone mineral density, loss of body hair, and a 
decreased need for shaving. Patients may present with symptoms of decreased 
energy or motivation, depressed mood, decreased libido, diminished work perfor- 
mance, poor concentration, and sleep disturbances [14, 16]. The prevalence of low 
testosterone, furthermore, increases with age. In addition, a recent study found that 
38.7 % of men over the age of 45 had a testosterone of 300 ng/dl or less [17]. The 
amount of free testosterone decreases with aging to a greater extent than does total 
testosterone as a consequence of increased SHBG [18]. 

Hypogonadism has also been associated with other disease states including 
chronic opioid use (72 %), obesity (52 %), diabetes (50 %), AIDS (50 %), hyperten- 
sion (42 %), hyperlipidemia (40 %), and erectile dysfunction (19 %) [17, 19-22]. 
Having low serum testosterone has been shown to be a risk factor for metabolic 
syndrome and type 2 diabetes [23]. A recent study was designed to determine the 
impact of testosterone levels on survival rates of males over the age 40. After adjust- 
ing for age, medical comorbidity, and other clinical covariates, low testosterone 
levels continued to be associated with increased mortality. The hazard ratio was 
1.88 (95 % CI 1.34-2.63, P<.001) [24]. 


Hypogonadotropic Hypogonadism 


Hypogonadotropic hypogonadism (HH) is characterized by failure of gonadal func- 
tion secondary to deficient gonadotropin secretion. It is often the result of either a 
pituitary or a hypothalamic defect and is commonly associated with a structural lesion 
or functional defect affecting this region. Biochemically, low serum levels of sex 
steroids occur in the presence of inappropriately low or normal levels of LH and FSH. 
Gonadotropin deficiency commonly is due to a deficiency of hypothalamic GnRH. 
During embryonic development, GnRH neurons originate outside the central 
nervous system (CNS), and they migrate along the olfactory nerve complex before 
reaching the arcuate nucleus in the hypothalamus [25]. Disruption of this pathway 
can lead to Kallmann’s syndrome, in which HH is associated with anosmia secondary 
to agenesis of the olfactory bulbs. Under normal physiology, GnRH is synthesized 
by hypothalamic neurons and secreted in a pulsatile fashion into the hypophyseal 
portal circulation. In the anterior pituitary, the binding of GnRH to its receptor stim- 
ulates the synthesis and pulsatile secretion of FSH and LH. In the male, pulsatile 
secretion of gonadotropins increases a few days after birth, generating testosterone 
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Table 7.1 Causes of hypogonadotropic hypogonadism [37] 


Congenital 
Idiopathic 
Craniofacial/midline anomalies 
Genetic 
Miscellaneous 
Prader-Willi syndrome 
Lawrence-Moon/Bardet-Bied] syndromes 
Gordon Holmes spinocerebellar ataxia syndrome 
Acquired 
Structural 
Tumors 
Germinomas; hypothalamic and optic gliomas; pituitary tumors 
Infiltrative process 
Langerhans histiocytosis, hemochromatosis, postinflammatory/postinfectious lesions (e.g., 
tuberculosis) 
Pituitary infarction 
Head trauma 
Iatrogenic 
Post-surgery or radiation therapy of the head or central nervous system 


levels near the adult range for the first few months of life [26]. During childhood, 
the HPG system enters a quiescent period with FSH and LH pulses detected at low 
amplitudes [27]. 

During puberty, the pulsatile secretion of gonadotropins resumes with a gradual 
increase in both amplitude and frequency. In the male, LH pulses can be detected 
approximately every 2 h; in the female, the frequency varies between 60 min and 6 h, 
depending on the ovulation cycle [28]. The change in LH release pattern is due to the 
increased pulsatile release of GnRH at the onset of puberty, which ultimately leads to 
increasing steroidogenesis, gametogenesis, and development of secondary sexual char- 
acteristics. The precise mechanism controlling the onset of puberty is still unknown. 

The clinical presentation of HH depends on the time of onset, the severity of the 
defect, etiology (congenital vs. acquired), and the presence of associated conditions 
(Table 7.1 contains a list of the etiologies). Most cases of congenital HH are diagnosed 
during the second or third decade of life when patients present with pubertal failure, 
primary amenorrhea, or infertility. In some cases, the diagnosis can be made before 
puberty on the basis of the presence of microphallus, cryptorchidism, and a positive 
family history [29]. Except in the neonatal period, when gonadotropin and sex steroid 
levels are expected to be elevated, HH generally cannot be confirmed until puberty. 

HH with associated anosmia is suggestive of Kallmann’s syndrome. Anomalies 
frequently associated with X-linked Kallmann’s syndrome include cryptorchidism, 
bimanual synkinesis, and unilateral renal agenesis. When a child is too young to 
undergo olfactory testing, the absence of olfactory bulbs on magnetic resonance imag- 
ing (MRI) can lead to early diagnosis. However, a normal MRI does not rule out the 
disease, since normal olfactory bulbs can be seen in up to 25 % of Kallmann’s syn- 
drome patients [30]. Both autosomal and X-linked patterns of inheritance have been 
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recorded, but only the X-linked form has been characterized at the genetic level. The 
deficit observed in Kallmann’s syndrome appears to be caused by a functional deficit 
in GnRH secretion. Studies have shown a spectrum of gonadotropin release patterns 
among these patients ranging from apulsatile LH to a low-amplitude LH pulse [31]. 

Low levels of sex steroids in the presence of low or normal LH and FSH levels 
confirm the diagnosis of HH. Acute stimulation with GnRH (GnRH test) is of little 
value in differentiating between a hypothalamic and a pituitary defect. Most patients 
with HH show little or no response to an initial dose of GnRH but may respond to 
repeated injections in the presence of a hypothalamic defect. The poor response to 
the initial stimulation is likely due to downregulation of GnRH receptors after pro- 
longed GnRH deficiency [32]. The complete failure of a response is suggestive of 
the absence of LH/FSH secretory neurons or severe GnRH receptor defects. 

Acquired forms of HH can be caused by structural or anatomical lesions involv- 
ing the hypothalamic pituitary region, i.e., central nervous system (CNS) tumors, 
infiltrative processes, pituitary microadenomas, pituitary infarction, head trauma, or 
radiation therapy of the head and neck. Even though gonadotropin failure com- 
monly manifests itself as secondary hypogonadism, multiple pituitary hormone 
deficiencies are often present. 

Functional hypogonadism is characterized by GnRH deficiency in the absence of 
an anatomical cause and is typically reversible. Variable patterns of abnormal LH 
pulsatility and low leptin levels have been reported [33]. The role of leptin in the 
pathophysiology of the disease remains unclear [34]. HH is less commonly diagnosed 
in adult men because the hypogonadal symptoms are less evident than in women. 

The first insight into the genetics of HH was the identification of the KALI gene 
in patients with X-linked Kallmann’s syndrome [35]. Recent advances in genetic 
research have identified multiple mutations involved in the development and func- 
tion of the hypothalamic pituitary axis. Genetic defects have been shown to contrib- 
ute to abnormalities in GnRH receptors, gonadotropin subunits, and steroidogenic 
factors [36] (Table 7.2). Despite improved understanding, the pathogenic genetic 
defect can be found in only approximately 30 % of current HH cases, suggesting 
that many mutations remain to be discovered. 

Treatment of HH involves sex steroid therapy to induce pubertal development 
before maintenance therapy is begun to prevent the sequelae of hypogonadism. 
Testosterone replacement usually starts with a low dose of long-acting intramuscu- 
larly injected testosterone esters (i.e., testosterone cypionate or enanthate). However, 
this approach is plagued with side effects associated with large fluctuations in tes- 
tosterone levels and supra-physiologic levels in the first few days after injection. 
Topical testosterone preparations are often used for maintenance replacement treat- 
ment with the advantage of being a noninvasive option while mimicking the normal 
circadian rhythm of testosterone secretion. Use of a long-acting subcutaneous tes- 
tosterone implant has been shown to be an effective alternative treatment option for 
induction of puberty and maintenance therapy and has a high rate of patient satisfac- 
tion and compliance [37]. 

When fertility is desired, spermatogenesis can be induced using gonadotropins 
or GnRH therapy. Even though fertility can be achieved with hCG therapy alone in 
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Table 7.2 Identified genetic causes of hypogonadotropic hypogonadism [37] 


Gene Locus Phenotype 

KAL 1 Xp22.3 X-linked Kallmann’s syndrome 

GnRH 8p11 GnRH deficiency (mice) 

GnRHR 4q21 GnRH resistance 

LHB 19q13 Biologically inactive LH 

FSH 11p13 Low serum FSH 

HESX-1 3p21 Septo-optic dysplasia 

LHX3 9q34 Pituitary hypoplasia 

PROP-1 5q35 Pituitary hypoplasia (ACTH spared) 

SF-1 9p33 Primary adrenal failure and gonadotropin deficiency 


DAX-1 7q31 Primary adrenal failure with hypothalamic/pituitary defect 

Leptin 7q31 Obesity, IHH, hypoleptinemia and hyperinsulinemia 

Leptin-R Ip3l Obesity, IHH, hyperleptinemia and hyperinsulinemia 

PC-1 5q15 Obesity, IHH, hypocortisolemia, hypoinsulinemia and high proinsulin 


a patient with partial HH, in most instances the addition of FSH is required as well 
[38]. Successful restoration of fertility has been reported with human menopausal 
gonadotropin (hMG) and hCG therapy; as an alternative to hMG, recombinant FSH 
has been shown to be equally effective, although more expensive [39]. In patients 
with hypothalamic HH, pulsatile GnRH therapy can be used as an alternative to 
gonadotropin treatment with equal or superior efficacy. GnRH is administered sub- 
cutaneously or intravenously using a portable infusion pump at a dose frequency of 
120 min but is a relatively complex treatment option [40]. During all treatment regi- 
mens, testicular volume, testosterone, and gonadotropin levels are monitored, and 
the dosage is adjusted accordingly. Testicular volume increases faster in response to 
pulsatile GnRH therapy than to gonadotropins, while semen parameters are compa- 
rable after 12-18 months of treatment. Time to initiation of spermatogenesis is vari- 
able among all modalities of therapy; fertility is generally achieved after 4-20 months 
of therapy in the majority of men. A history of bilateral cryptorchidism is a poor 
prognostic indicator of fertility potential with medical therapy [41]. 

HH is a disease of secondary hypogonadism as a result of deficiencies in the 
hypothalamic pituitary system. The clinical presentation is variable with infertility 
occurring in both congenital and acquired forms. Treatment involves induction of 
puberty and restoration of fertility using gonadotropins and sex steroids. Continued 
genetic research has the potential to further advance our understanding of the dis- 
ease and to help optimize treatment of these patients. 


Congenital Adrenal Hyperplasia 


The adrenal cortex is capable of producing androgens. In premenopausal women, it 
is responsible for greater than 50 % of circulating androgens [42]. In men, its con- 
tribution is minimal compared to testicular testosterone production. Suppression of 
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Fig. 7.2 Enzymatic pathway for steroid hormone production. Open X is site of enzyme loss in 
21-hydroxylase deficiency CAH. Solid X is site of enzyme loss with 11-B-Hydroxylase deficiency 
CAH. 3-BHSD=3-BHydroxysteroid dehydrogenase 


the HPG axis with adrenal androgens is possible in the pathologic state; however, it 
is most notable in congenital adrenal hyperplasia (CAH). 

CAH is a group of autosomal recessive disorders of adrenal corticosteroid bio- 
synthesis. CAH is the result of defects in any one of a number steroidogenic enzymes 
[43]. The two most common enzyme defects are 21-hydroxylase deficiency and 
11-B-hydroxylase deficiency (Fig. 7.2). Deficiency of 21-hydroxylase accounts for 
approximately 90-95 % of cases of CAH, while 7 % of cases are due to 1 1-B-hydrox- 
ylase deficiency [44, 45]. The steroid pathway is outlined in Fig. 7.2 with the 
21-hydroxylase and 11-B-hydroxylase enzyme defects highlighted. Other enzy- 
matic defects have been described that result in CAH but are exceedingly rare. The 
diagnosis of CAH is usually made shortly after birth, but can be made antenatally. 
In the neonate, it is critical to diagnose these children as early as possible, as up to 
75 % of neonates with 21-hydroxylase deficiency may have the salt-wasting form 
which can lead to electrolyte imbalance and death [46]. 

Without a full complement of the enzymes necessary for their synthesis, there is 
a glucocorticoid and mineralocorticoid deficit. The body tries to overcome this by 
increasing adrenal stimulation with adrenocorticotropic hormone (ACTH). The ini- 
tial adrenal hormone products, pregnenolone and progesterone, are unable to con- 
tinue down either of these pathways for glucocorticoid or mineralocorticoid 
production and are shunted toward the production of androgens. 

Twenty-one-hydroxylase deficiency presents with three different phenotypes: 
salt wasting, simple virilizing, and nonclassic. The salt wasting and simple virilizers 
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are diagnosed in childhood, and children with these defects are the more severely 
affected. The nonclassical patients may make it into adulthood prior to diagnosis. 
In affected females, the affect can range from mild virilization to more severe 
ambiguous genitalia. Affected males will have phenotypically normal genitalia. 
Short stature is characteristic due to the early closure of the epiphyseal plates. 
Another manifestation of adrenal deficiency is the presence of testicular adrenal 
rest tumors that may resemble Leydig cell tumors [47]. These tumors may be large 
and easily palpable. The origin of these tumors is thought to be from aberrant adre- 
nal tissue. This tissue is sensitive to ACTH stimulation. Proper treatment with glu- 
cocorticoids causes these lesions to regress. These tumors can become very large 
and be locally destructive to normal testicular tissue, resulting in infertility and 
hypogonadism [48]. 

Eleven-f-hydroxylase deficiency has a similar phenotype to the simple virilizers 
of 21-hydroxylase deficiency. Salt wasting has rarely been reported in those with 
11-B-hydroxylase deficiency. Patients with 11-f-hydroxylase deficiency may be 
hypertensive, which is not seen in those with 21-hydroxylase deficiency. 

Treatment for patients with CAH is with glucocorticoid replacement and, when 
necessary, mineralocorticoids as well [45]. With treatment, the overproduction of 
ACTH is stopped. Without this overstimulation, the production of adrenal andro- 
gens returns to normal levels as the byproducts of incomplete glucocorticoid syn- 
thesis are no longer available for the androgen pathway. The goal of treatment is to 
find the right balance to suppress the adrenal axis but not overtreat and cause the 
patient to suffer the effects of glucocorticoid excess.Patients should be counseled 
that they will require lifelong treatment. 


Hypogonadism Secondary to Congenital Abnormalities 


Prader-Willi Syndrome 


Prader-Willi syndrome is a result of maternal uniparental disomy of chromosome 
15. Uniparental disomy results when both chromosomes of a pair or areas of a 
chromosome have been inherited from a single parent. This is the result of a tri- 
somy that is reduced to disomy leaving both copies from the same parent. This 
has been termed trisomy rescue. This disease is the result of phenotypic differ- 
ences based on the uniparental origin of the gene expressed, a concept known as 
imprinting [49]. 

The clinical features of Prader-Willi syndrome are low birth weight and severe 
hypotonia and difficulty with feeding in early infancy. At an early age, these patients 
develop hyperphagia and obesity. Other characteristic features include short stature, 
small hands, almond shaped eyes, and a triangular mouth. Most of these patients 
have mental retardation. Both sexes demonstrate hypogonadism with incomplete 
pubertal development and genital hypoplasia [50]. 
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Klinefelter’s Syndrome 


The endocrine disorder that is manifested by tall stature and eunuchoid proportions, 
gynecomastia, azoospermia, and increased urinary secretion of FSH was first 
described by Harry Klinefelter and colleagues in 1942 [51]. In 1956, Jacob and 
Strong found a chromatin-positive patient with Klinefelter’s syndrome (KS) with a 
47, XXY karyotype. With a reported prevalence of 0.1—0.2 % in the general popula- 
tion and 10 % of infertile men with nonobstructive azoospermia, KS is the most 
common type of human chromosomal aneuploidy [52]. Large population-based 
studies indicate that only 25 % of KS men are ever diagnosed during their lifetimes 
and fewer than 10 % are diagnosed before puberty [53, 54]. 

The XXY karyotype occurs in approximately 1/500-1/1000 live male births. 
About 80 % of the cases are due to the chromosome aberration 47, XXY, and the 
remaining 20 % are associated with high-grade aneuploidies (48, XXXY; 48, 
XXYY; 49, XXXY; 49, XXYY), mosaicism (46, XY/47, XXY), or an X chromo- 
some structural abnormality. The true prevalence of the mosaic forms probably is 
underestimated because chromosomal mosaicism may be present only in the testes, 
while the karyotype of the peripheral leukocytes is normal. It has been shown that 
testicular mosaicism in patients with a 47, XX Y karyotype in lymphocytes is a posi- 
tive prognostic predictor of spermatogenesis [55]. 

Despite the demonstration of 47, XXY karyotype in 1956, the underlying molec- 
ular mechanism has yet to be elucidated. The numerical chromosomal abnormality 
arises either during nondisjunction of meiotic division in germ cell development or 
during early embryonic mitotic cell division. Whether the failure of the XXY testes 
to maintain spermatogenesis is due to an intrinsic germ cell defect or the inability of 
Sertoli cells to support germ cells during their normal development is also unknown. 
To further complicate our understanding of KS, androgens and the X-linked andro- 
gen receptors also appear to play a role in the variance of the KS phenotype. The 
androgen receptor carries a CAG repeat (CAGn) polymorphism with its length 
inversely related to androgen action [56]. X-chromosome analysis has shown an 
inactivation of the more functional short CAGn allele in 47, XXY KS patients, sug- 
gesting a modulation of androgen effects on the phenotype [57]. 

The clinical presentation of KS patients varies according to age. Before puberty, 
only discrete physical changes might be appreciated, e.g., slightly smaller than nor- 
mal testicular volume or long-leggedness. Sexual development of a hypogonadal 
child may not differ from that of a normal prepubertal boy. In adolescence and after 
puberty, the characteristics of small firm testes and skeletal disproportion begin 
to develop. Patients with KS are generally of average height or taller because of 
increased leg length. This stature before puberty suggests that it is not due to andro- 
gen deficiency but is related to the underlying chromosomal abnormality. In contrast 
to the typical tall stature, the arm span rarely exceeds the patient’s height. About 
half of the patients develop painless gynecomastia of various degrees. However, the 
risk of breast cancer is not higher than in the general population. After reaching the 
age of 25, 70 % of the patients develop symptoms related to hypogonadism, (e.g., 
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low libido, decreased potency, osteoporosis, and decreased muscle mass) [58]. The 
cognitive phenotype reflects not a general reduction of intelligence but deficits in 
very specific cognitive domains, mainly language and executive function. Increased 
psychiatric disturbances, criminal behavior, and mental retardation described in 
early reports have not been observed in prospective studies based on chromosomal 
analysis [59]. 

KS remains largely undiagnosed because most patients do not seek medical 
attention and because of limited awareness of the disease among health-care profes- 
sionals. A suspected diagnosis can be based on the typical findings during physical 
examination. Some cases are detected among patients with azoospermia during an 
infertility evaluation. The most important and sensitive finding is small testes with 
firm consistency. Barr-body analysis provides a quick screening test with 82 % sen- 
sitivity and 95 % specificity [60]. Chromosomal analysis of lymphocytes confirms 
the diagnosis of KS. In suspected cases of mosaicism with normal lymphocytic 
analysis, karyotyping of the skin fibroblasts or testicular biopsy can be utilized to 
confirm the diagnosis [61]. 

Serum testosterone concentrations are below normal in 80 % of adult patients 
with a 47, XXY karyotype [62]. The exact mechanism of hypogonadism is unknown 
and demonstrates a variable degree of Leydig-cell dysfunction. On average, the 
levels of E, and SHBG are elevated, further decreasing the bioavailable free testos- 
terone. Concentrations of LH and FSH are high in most cases. FSH shows the most 
discrimination, with little overlap when compared to levels in normal men, a conse- 
quence of damaged seminiferous tubules. Inhibin-B levels are generally within nor- 
mal range in prepubertal boys with KS but decrease significantly after puberty due 
to the disappearance of germ cells and Sertoli cells [63]. 

Practically all patients with a 47, XXY karyotype are azoospermic. There are 
rare reports of sperm in the ejaculate and exceptional cases of spontaneous preg- 
nancy [64]. The histology of KS testes generally reveals hyalinizing fibrosis of the 
seminiferous tubules, absence of spermatogenesis, and hyperplasia of the Leydig 
cells. However, foci of residual spermatogenesis can be found during testicular 
microdissection often showing meiotic arrest at the primary spermatocyte or sper- 
matid stages and foci of normal spermatogenesis [65]. Published successful sperm 
retrieval rates in KS patients range from 21 to 69 % [66]. 

When testosterone levels are low in patients with KS, lifelong testosterone 
replacement therapy (TRT) is indicated and should be initiated as early as possible 
to avoid symptoms and sequelae of hypogonadism. Early TRT results in increased 
masculinity, strength, libido, and bone mineral density. It also has a positive effect 
on mood and cognitive function while reducing fatigue and irritability. Long-acting 
preparations of TRT, such as subcutaneous implantable testosterone pellets, have 
been shown to be an effective treatment option for noncompliant adolescent patients 
with KS [67]. 

Despite the emphasis on TRT to correct KS-associated hypogonadism, TRT 
also has a negative effect on fertility. TRT inhibits spermatogenesis at the level of 
spermatogonial differentiation. In KS patients who have undergone a successful 
sperm retrieval procedure, administration of hCG can increase testosterone levels, 
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indicating the presence of functional testicular tissues. Various medications, such 
as aromatase inhibitors and gonadotropins, have been shown to raise testosterone 
levels in KS patients, but they are not associated with improved sperm retrieval 
outcomes [68]. With the advent of intracytoplasmic sperm injection (ICSD, fertil- 
ity is now possible for azoospermic men with successful testicular sperm retrieval. 
Pregnancy from ICSI can be successful in patients with KS, and a live birth rate of 
20 % has been reported [69]. 

Chromosomal analyses of spermatozoa from KS patients showed the incidence 
of hyperploidy to vary from 0.9 to 2.5 % in mosaic form and 2.5 to 21 % in the non- 
mosaic form [70]. There is debate with regard to the need for preimplantation 
genetic screening of embryos to identify and eliminate those with sex-chromosomal 
or autosomal disomy. Most infants born after ICSI from men with KS have a normal 
karyotype; there is only one human case of a 47, XXY fetus that was terminated 
[71]. Two hypotheses have been proposed to explain the genetic imbalance: (1) 47, 
XXY spermatogonia can undergo meiosis to produce normal spermatozoa and (2) 
rare foci of spermatogenesis in men with KS may be comprised of normal 46, XY 
germ cells, and these cells are susceptible to meiotic abnormalities in a compro- 
mised testicular environment. There is an increased risk of non-Hodgkin’s lym- 
phoma, diabetes mellitus, breast cancer, and midline tumors associated with KS 
[72]. Genetic counseling should be recommended to all men with KS to better edu- 
cate these patients on their genetic disorder and the risk to their offspring. 

There still is no consensus regarding preservation of fertility in patients with KS. 
Germ cell deterioration is a progressive process that starts in infancy. Cryopreservation 
of semen samples or testicular tissue from early pubertal boys who have low num- 
bers of spermatozoa is possible and should be offered to appropriate KS patients. 
Cryopreservation of sperm or testicular tissue should also be offered before initiation 
of TRT. No standard method for sperm retrieval has been established in pubertal 
boys, so the protocol should be ejaculated sample, if possible, before testicular sperm 
extraction (TESE) or microdissection testicular sperm extraction (miroTESE). 

KS is the most common chromosomal anomaly in patients with nonobstructive 
azoospermia. It is underdiagnosed because of the wide spectrum of clinical presen- 
tations and lack of medical awareness. Early diagnosis and treatment can not only 
improve patients’ quality of life but also reduce the morbidity and mortality associ- 
ated with hypogonadism. Further studies are needed to better define the optimal 
approach to fertility preservation in KS patients. 


Testosterone and Spermatogenesis 


Male sexual differentiation begins between the seventh and twelfth week of gesta- 
tion. The undifferentiated gonads develop into fetal testes under the influence of a 
gene complex located on the short arm of the Y chromosome (SRY). The fetal testes 
produce two hormones: testosterone and anti-Mullerian hormone (AMH). 
Testosterone is important for the development of the Wolffian duct structures, which 


116 T.-C. Hsieh et al. 


ultimately form the epididymis, vas deferens, and seminal vesicles. Under the 
influence of intratesticular testosterone, the number of gonadocytes per seminifer- 
ous tubule will increase threefold during the first month of pregnancy. Testosterone 
is further converted into a potent form, dihydrotestosterone (DHT), which is impor- 
tant for the formation of the external genitalia. AMH is responsible for the regres- 
sion of the Mullerian duct system [73]. 

Testosterone production is controlled by LH from the anterior pituitary gland. 
Testosterone is synthesized by the Leydig cells in the testicular interstitium and is 
bound to androgen-binding protein, produced by Sertoli cells. Directly after birth, 
there is a surge of serum testosterone levels, which reach adult levels during the first 
months of life. Thereafter, testosterone levels remain low until puberty, thus pre- 
venting virilization. Puberty is initiated when the release of gonadotropins by the 
hypothalamic-pituitary axis results in the production of testosterone, male sexual 
characterization, and spermatogenesis. 

Initiation of spermatogenesis occurs under the influence of FSH. During fetal 
development, FSH is required for Sertoli cell proliferation. Both FSH and intrates- 
ticular testosterone are needed for quantitative and qualitative spermatogenesis. 
Seminiferous tubules are exposed to testosterone at levels 20-30 times higher than 
serum levels [74]. Testosterone and its metabolite, E,, both inhibit the release of 
gonadotropins, while Sertoli cells provide negative feedback to FSH via inhibin-B. 

Suppression of gonadotropins results in reduced numbers of spermatozoa in the 
ejaculate and hypospermatogenesis in the testicular histology [75]. Complete inhi- 
bition of intratesticular testosterone results in full arrest of meiosis at the spermatid 
stage. Testosterone does not appear to act on germ cells directly; instead its effect is 
exerted via the AR expressed by Sertoli cells. Inside the tubular microenvironment, 
a multitude of paracrine factors have been found. However, the exact mechanism of 
testosterone-mediated regulation of these factors is not clear. 

Low testosterone levels can be found in up to 30 % of male infertility patients 
[76]. Hypogonadism can be caused by testicular insufficiency, androgen resistance, 
or failure of the hypothalamic-pituitary axis. Acute or chronic illness can also 
decrease spermatogenesis by direct insult to gonadal function, disruption of the 
endocrine system, or increase in levels of SHBG that decreases the bioavailable tes- 
tosterone. Chemotherapy and radiation can damage fertility because the high meiotic 
activity of germ cells makes them extremely vulnerable to cytotoxic insult. In the 
aging male, the gradual decline of spermatogenesis is due to reduction of Sertoli and 
Leydig cells as well as a blunting of GnRH pulsations. This decline in fertility has 
been observed in up to 50 % of men after they reach the age of 60 years [77]. 


Exogenous Testosterone-Associated Infertility 


Testosterone is the most important androgen in the male body. It is an anabolic-an- 
drogen steroid (AAS) with a one-to-one ratio of androgenic and anabolic activity. 
Anabolism is defined as any state in which nitrogen is retained in the lean body 
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mass through stimulation of protein synthesis and/or reduction of protein break- 
down. Testosterone promotes growth, increased muscle size, and bone metabolism. 
Characteristically, chemically engineered AAS have weaker AR receptor binding 
than do pure androgenic steroids. Structural modifications in synthetic AAS have 
been made to maximize the anabolic effects while minimizing the androgenic activ- 
ity. However, all AAS are virilizing if administered at high doses for long periods of 
time. AAS are available in both oral and injectable formulations. Medical indica- 
tions for TRT include AIDS-associated cachexia, catabolic state of severe burn, 
androgen deficiency, and chronic obstructive pulmonary disease [78]. 

The true prevalence of non-TRT use of AAS is unknown. It is estimated that 
3—12 % of male athletes in the USA have used steroids, while the incidence is 14 % 
among college athletes and 30-75 % among males involved in professional sports 
and recreational bodybuilding [79]. For the purpose of optimizing enhancement, 
various regimens combining oral and injectable formulations are used during cycles 
of 4-12 weeks. The goal is to maintain supraphysiologic levels for extended periods 
while minimizing the side effects of individual agents. High testosterone levels can 
also occupy cortisol receptors, creating an anti-catabolic effect. Antiestrogens and 
hCG are sometimes used in an attempt to restart endogenous testosterone produc- 
tion (post cycle therapy, PCT) [80]. 

Side effects of AAS use are well documented. Acne, alopecia, and lower urinary 
tract symptoms are related to the strong androgenic effects of DHT. Gynecomastia 
is a result of aromatization of high levels of testosterone. Hepatic dysfunction is 
often observed in users of oral alkylating agents. Cardiovascular side effects of ste- 
roid abuse include hypertension, polycythemia, and ventricular dysfunction. Renal 
failure from rhabdomyolysis and membrano-progressive glomerulonephritis has 
been reported in heavy users. Aggressive behavior, depression, mood swings, and 
even psychosis are some of the psychiatric patterns reported to be related to AAS. 
Mortality related to use of exogenous AAS is estimated to be 4.6 times higher in 
users than nonusers [80]. 

Exogenous administration of testosterone results in a negative feedback on the 
HPG axis inducing a hypogonadotropic state. Despite the high serum levels of 
androgens associated with AAS use, there is insufficient intratesticular testosterone 
concentration to maintain spermatogenesis. Patients with a history of AAS abuse 
often develop hypogonadal symptoms and small testes with oligospermia or azoo- 
spermia and abnormalities in sperm motility and morphology [80]. 

Histologically, administration of exogenous testosterone is associated with alter- 
ations of Leydig cells, along with abnormalities of cellular morphology. Decreased 
steroidogenesis of the testicular tissue was found in immunohistochemical studies. 
Specific maturation impairment has been described (i.e., lack of advancement 
beyond spermatids) [81]. The proliferation of Leydig cells never recovers to base- 
line level, even long after discontinuation of AAS use. Even with hCG post cycle 
therapy, qualitative impairment of the sperm may persist, suggesting an irreversible 
insult to the testicular tissues. 

Apoptosis has been reported to play a role in the regulation of germ cell popula- 
tions in the adult testes. In both animal and human studies, a significant increase in 
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the rate of apoptosis was observed after the administration of exogenous testoster- 
one, with the effect amplified by physical exercise [82]. Fluorescent in situ hybrid- 
ization analysis of sperm from AAS users revealed XY and chromosome | and 9 
disomies, suggesting anomalies in meiosis and genetic damage associated with 
AAS abuse [83]. 

The management of male infertility after administration of exogenous testoster- 
one has been extensively reported [84]. Spontaneous recovery of spermatogenesis 
has been reported in certain populations 4-18 months after discontinuation. 
However, 4—10 % remained azoospermic, and only 46 % returned to baseline sperm 
concentration [85]. There is no consensus regarding the optimal management of 
persistent infertility after cessation of exogenous testosterone use. Most regimens 
parallel the treatment of HH by induction of spermatogenesis with gonadotropins or 
gonadotropin analogs, e.g., hCG, hMG, or recombinant FSH. Additionally, clomi- 
phene citrate and antiestrogens have been utilized to stimulate hypothalamic- 
pituitary function. Successful fertility restoration has been reported in azoospermic 
patients as long as 5 years after discontinuation of testosterone therapy. The favor- 
able outcome in reversing exogenous testosterone-induced infertility is likely related 
to the endocrinological nature of the process. 

For patients with an indication for TRT, fertility preservation with the goal of 
preserving intratesticular testosterone and spermatogenesis has been reported. 
Concomitant weekly administration of intramuscular testosterone with hCG can 
maintain intratesticular testosterone levels similar to pretreatment concentrations. 
Additionally, concomitant low-dose hCG (500 IU every other day) can also pre- 
serve spermatogenesis in patients undergoing treatment with transdermal or intra- 
muscular TRT [86]. 

The varied and widespread abuse of AAS has made the study of optimal manage- 
ment of exogenous testosterone-induced male infertility difficult. In the absence of 
accurate identification of the affected patients, proper comparison of treatment regi- 
mens is not possible. However, our understanding of the treatment for HH has led to 
success in reversing the underlying endocrine dysfunction. In patients undergoing 
TRT, preservation of spermatogenesis is now possible with concomitant administra- 
tion of hCG. Despite success in reversing exogenous testosterone-associated infer- 
tility, persistent gonadal dysfunction and increased morbidity and mortality have 
been identified. Emphasis on preventing AAS abuse is important, and close follow- 
up of affected individuals is crucial to their health. 


Conclusions 


Testosterone is an essential male hormone. Its presence is required for proper male 
development and development of male gametes. This chapter has highlighted some 
of the conditions which result in inadequate androgen activity as well as end-organ 
effects which result in subsequent infertility. Our understanding of the complex role 
that androgens play in men’s health is still being expanded especially in regard to 
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the complex process of spermatogenesis. A greater understanding of the control of 
spermatogenesis would further our ability to counsel and treat patients presenting 
with infertility. 
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Chapter 8 
Specific Endocrinopathies and Male Infertility 


Vincent Harisaran, Eugene Cone, and Kathleen Hwang 


Abstract Infertility in men is a relatively common condition. At the heart of the 
medical evaluation of the male partner in an infertile couple is the history and physical 
examination. The endocrine evaluation is an equally important and essential part of 
the infertility evaluation. Although specific endocrine causes of male factor infertility 
are uncommon, the knowledge obtained from the evaluation plays a crucial role in 
not only the treatment of infertility but also the overall health of the male partner. In 
this chapter, we will discuss rare but important endocrine abnormalities such as fertile 
eunuch syndrome, estrogen excess, isolated FSH deficiency, thyroid disorders, andro- 
gen secreting tumors, and hyperprolactinemia that contribute to male factor infertility. 
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FSH Follicle-stimulating hormone 
GnRH Gonadotropin-releasing hormone 
HCG Human chorionic gonadotropin 
HPG Hypothalamic-Pituitary-Gonadal 
IHH Idiopathic hypogonadotropic hypogonadism 
LH Luteinizing hormone 

PRL Prolactin 

SHBG Sex Hormone-Binding Globulin 
T/E Testosterone/Estradiol 

TRH Thyroid-releasing hormone 

TSH Thyroid-stimulating hormone 


Introduction 


Infertility is a difficult and stressful condition not only for patients but also for the 
treating physicians as well. The failure to conceive, coupled with the possibility of 
remaining childless, often imposes overwhelming pressure on each partner’s self- 
esteem. A hormonal evaluation plays a role in identifying specific endocrinological 
abnormalities causing male factor infertility or to yield prognostic information that 
may be useful in managing the overall health of the male partner. Identifiable endo- 
crinologic causes of male factor infertility are relatively uncommon as are some of 
the abnormalities discussed in this chapter. 


Estrogen Excess 


The role of estrogen in men’s health is becoming more recognized. Estrogen is 
important for bone mineralization and function in men [1]. Estrogen excess, how- 
ever, has several side effects in men including low sex drive, erectile dysfunction, 
gynecomastia, and infertility. 

There are several sources of estrogen production in men. Excess estrogen may 
result from liver disease, estrogen-producing tumors, exogenous intake, or obesity. 
Testicular tumors that originate from Sertoli or Leydig cells and adrenal cortical 
tumors may produce elevated estrogen levels as well [2]. Other tumors such as germ 
cell, lung, stomach, renal cell, or hepatic carcinomas may produce human chorionic 
gonadotropin (hCG). Additionally, hCG treatment of gonadotropin deficiency 
causes an increase in aromatase activity within Leydig cells potentially leading to 
feminizing symptoms such as gynecomastia [3, 4]. 

The enzyme aromatase is concentrated in adipose tissue. In obese patients (defined 
by BMI (kg/m), obese=BMI>30), serum estrogen is elevated secondary to periph- 
eral aromatization of androgen to estrogen in adipose tissue. The degree of obesity 
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Fig. 8.1 Impact of male 
obesity on infertility 
(Adapted with permission 
from Hammoud et al. [8]) 
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inversely correlates to the level of serum androgen [2]. Regardless of the source, 
estrogen excess has profound effects on fertility. In recent years, there has been 
increased attention on the metabolic syndrome, a constellation of abnormalities 
including obesity, dyslipidemia, hypertension, impaired glucose metabolism, and 
even hypogonadism. The recent focus on the metabolic syndrome has drawn atten- 
tion to the potential impact of this syndrome through the hypothalamic-pituitary- 
gonadal axis on male factor infertility [5]. While this relationship is not well 
established, the molecular, hormonal, and even mechanical changes (increased supra- 
pubic fat) seen with obesity have been theorized to impact male fertility potential. 

Studies suggest an increased risk of compromised fertility when the male part- 
ners are obese [6, 7]. Additionally, heavier men are more likely to have abnormal 
semen parameters. Obese men exhibit reduced androgen (total and free testosterone 
levels), increased sex hormone-binding globulin (SHBG) levels, decreased luteiniz- 
ing hormone (LH) and follicle-stimulating hormone (FSH) levels, and increased 
estrone and estradiol (E,) levels [8]. Therefore, the testosterone-to-estrogen (T/E) 
ratio is decreased in obese men. Men with severe male factor infertility have 
significantly lower testosterone levels and higher E, levels than their fertile counter- 
parts [8, 9]. 

Hammoud et al., proposed the above pathway to show the impact of obesity and 
resulting estrogen on fertility [8] (Fig. 8.1). 

Estrogen inhibits gonadotropin-releasing hormone (GnRH) secretion by the 
hypothalamus and, therefore, gonadotropin release by the pituitary. In addition to the 
effects on the hypothalamic-pituitary-gonadal axis, elevated serum estrogen is 
believed to have a direct deleterious effect on spermatogenesis [9]. Using a rat model, 
Goyal and colleagues demonstrated that semen parameters such as daily sperm pro- 
duction, testicular weight, and number of sperm declined in a dose-dependent 
manner in rats treated with high doses of estrogen [10]. In clinical observation, 
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obesity and the resulting hyperestrogenemia affect many aspects of fertility includ- 
ing sperm concentration and count, sperm motility, morphology, and chromatin 
integrity. 

This provides the rationale for using aromatase inhibitors and antiestrogens in 
men with reduced T/E ratios. 


Medical Treatment of Idiopathic Male Infertility 


Antiestrogens 


One of the most commonly utilized medical treatments in men with reduced T/E 
ratio is antiestrogens. Clomiphene citrate and tamoxifen citrate are nonsteroidal 
selective estrogen receptor modulators (SERMs). By blocking the estrogen recep- 
tors in the hypothalamic-pituitary axis, these agents minimize inhibition of gonado- 
tropin release by estrogen resulting in elevation of LH and FSH levels [1, 11]. 

Numerous clinical trials with these agents have been performed with conflicting 
results. While some controlled studies with clomiphene citrate have shown improve- 
ment in semen parameters, others have failed to show significant changes. A meta- 
analysis by Liu and Handelsman showed no treatment benefit. The authors also 
warned against suppressing estrogen completely given its increasing recognition 
and importance in men’s health [1]. A Cochrane meta-analysis of ten randomized 
trials involving 738 men found no difference in pregnancy rates with antiestrogen 
therapy [12]. The enthusiasm for using these agents for idiopathic male infertility 
has waned in recent years due to the financial burden associated with this class of 
medications coupled with the inconsistent treatment benefits. 


Aromatase Inhibitors 


Aromatase inhibitors suppress the activity of aromatase, a cytochrome P-450 
enzyme concentrated in adipose tissue, testicular tissue (in particular Leydig and 
Sertoli cells), liver, and brain. Aromatase catalyzes the conversion of testosterone- 
to-estradiol, so blockade would be expected to produce similar effects to antiestro- 
gens [9]. Testolactone (steroid) and anastrozole (nonsteroidal) are the two main 
agents used for the treatment of idiopathic male infertility. 

Pavlovich et al. [9] evaluated the effect of testolactone in a cohort of azoospermic 
and severely oligospermic men. They identified 63 men with severe male infertility 
that had significantly lower testosterone and significantly higher total serum estrogen 
levels. A cohort of these men was treated with 10-100 mg of oral testolactone twice 
daily for approximately 5 months. They reported an increase in serum testosterone 
and a decrease in serum estrogen in all treated men. Additionally, they noted 
significant improvement in semen parameters in oligospermic men, including sperm 
concentration and motility compared to pre-treatment parameters. These findings 
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were not seen in azoospermic men. They concluded that many men with severe male 
factor infertility have low T/E ratios and testolactone was able to reverse this ratio. 

Raman and Schlegel [13] compared the effects of these two agents, testolactone 
and anastrazole, on infertile men with low T/E ratios. A total of 140 subfertile men 
were treated with either 100-200 mg testolactone or 1 mg anastrozole daily. They 
evaluated hormonal profiles, including changes in testosterone, estradiol, T/E ratios, 
as well as semen parameters during therapy. They reported significant improvement 
in T/E ratios in both groups. Sperm parameters such as concentration, morphology, 
and motility also showed statistical improvement, although pregnancy rates were 
not reported. 

A meta-analysis by Kumar et al. [14] reviewed the rationale and evidence for 
pharmacological therapy in the treatment of idiopathic male infertility. Regarding 
aromatase inhibitors, the only randomized trial published showed no change in total 
estradiol and testosterone levels during testolactone exposure. There was also no 
improvement in semen parameters and pregnancy outcomes noted in the 16-month 
duration of the study [15]. 

Hormone treatment for male infertility has largely been replaced by assisted 
reproductive technologies (ART) in recent years. Perhaps this is because results of 
endocrine therapy for male infertility have been disappointing. After a thorough 
review of all of the studies, Kim and Schlegel concluded that more work is needed 
in order to truly make any conclusions about the use of aromatase inhibitors in the 
treatment of male factor infertility [11]. 

Both the antiestrogens and the aromatase inhibitors are also often used to pre- 
serve spermatogenesis in hypogonadal men where fertility is still a priority. While 
the usage of these two classes of drugs has been less established for treating this 
population of hypogonadal men, recent studies have reported both safety and 
efficacy [16-18]. 


Hyperprolactinemia 


Prolactin is a 23 kDa polypeptide hormone synthesized in the adenohypophyseal 
lactotroph cells and secreted by the pituitary. Prolactin’s main physiological role in 
mammals is to prepare the breast for milk production and to stimulate lactation in 
the postpartum mother [19, 20]. Its secretion is stimulated by serotonin- and thy- 
rotropin-releasing hormone (TRH) and inhibited by dopamine (also known as pro- 
lactin inhibitory factor) working via type 2 dopamine receptors [21]. Prolactin itself 
exerts an inhibitory role on the pulsatile secretion of GnRH, evolutionarily provid- 
ing a natural method of contraception to the postpartum nursing mother [22]. 
Hyperprolactinemia can be present for a variety of reasons. Psychotropic medi- 
cations with anti-dopaminergic or pro-serotonergic properties can disinhibit or stim- 
ulate the pathway, respectively [23]. Elevated thyroid-stimulating hormone (TSH) 
levels are also associated with hyperprolactinemia, likely due to TRH induction of 
the release of prolactin [19, 21]. The most common cause of hyperprolactinemia 
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Is a prolactin-secreting pituitary tumor, either a microadenoma (<10 mm) or a 
macroadenoma (>10 mm) [24]. Other causes include liver disease, stress, and some 
antihypertensive medications. 


Effect on Fertility 


It has long been known that knocking out a prolactin gene in a mouse results in female 
infertility, but that same deletion has no effect on male reproductive fitness despite pro- 
lactin receptor’s expression in the brain, testis, male accessory glands, and the penis [19, 
23, 25]. Increased levels of prolactin, however, have been shown to result in decreased 
libido, erectile, and ejaculatory dysfunction and decreased quality and volume of sperm 
[26-30]. This decrease in male fertility associated with hyperprolactinemia is likely due 
to prolactin’s inhibitory effect on the secretion of GnRH leading to decreased FSH and 
LH levels with accompanying falls in testosterone [30]. Prolactin-induced hypersecre- 
tion of adrenal corticoids including dehydroepiandrosterone (DHEA), progesterone, 
and deoxycorticosterone has also been theorized to play a role [31]. 

The degree to which the prolactin level is elevated plays a role in the extent to 
which male fertility is affected. Hyperprolactinemia can be characterized as mild 
(serum prolactin levels of 20-35 ng/mL) or severe (greater than 35 ng/mL). Mild 
hyperprolactinemia has not been associated with a decrease in sexual desire, for 
example, while two out of every three severe prolactinemia patients report a reduced 
libido [23, 32, 33]. Similarly, patients with severe hyperprolactinemia often report 
reduced nocturnal spontaneous erections while those with mild hyperprolactinemia 
do not [34]. Other common conditions to exclude before making a diagnosis include 
renal failure, cirrhosis, and even chest wall lesions [35]. 


Treatment 


Any patient presenting with elevated prolactin levels, mild or severe, should receive 
a gadolinium-contrasted pituitary MRI to rule out a prolactinoma. If a pituitary 
tumor is found, then referral for surgical evaluation is the preferred option, espe- 
cially if the mass is >10 mm in size [24]. Similarly, if the elevated prolactin level is 
due to psychotropic medication, then the treatment is withdrawal of the psychotro- 
pic and elevated TSH should be treated to normalize the concomitantly elevated 
prolactin levels [36]. 

Medical therapy is the treatment of choice in patients with idiopathic hyperpro- 
lactinemia, or in patients with pituitary prolactinomas that do not require surgery. 
Bromocriptine is a dopamine agonist that has been found to reduce prolactin levels 
and increase sperm counts in infertile men [37]. The medication is given two to four 
times per day for a total daily dose of 2.5-7.5 mg and often results in normalization 
of prolactin levels [36]. Cabergoline is another dopamine agonist that has been 
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shown to be as effective as bromocriptine at reducing prolactin levels but with the 
added benefits of less frequent dosing and fewer side effects, most notably a reduced 
gastrointestinal profile [38]. Cabergoline is started at 1.0 mg/week, and once prolac- 
tin is controlled, the dose is often reduced to 0.5 mg/week, with 82 % of treated 
patients achieving normalization of prolactin levels [39]. 

It is also worth emphasizing that mild hyperprolactinemia (serum levels of 
20-35 ng/mL) has a much less defined impact on male fertility, with many studies 
failing to find a correlation. In one study, mild hyperprolactinemia was unable to be 
confirmed in almost one-half of patients, probably because the initial test was ele- 
vated due to venipuncture stress for blood sampling or due to circadian variation in 
prolactin level. Therefore, repetitive venous sampling to verify the true existence of 
elevated prolactin levels is strongly encouraged before mild hyperprolactinemia is 
considered as a cause of infertility [23]. 


Thyroid Disorders 


Thyroid disorders are a rare but known cause of fertility disorders in men, account- 
ing for 0.6 % of male fertility cases [40]. Screening for thyroid disorders in clini- 
cally asymptomatic patients is generally unnecessary [36]. When a known thyroid 
disorder is present, however, further attention may be given to the disorder and its 
effect on the patient’s fertility. The treatment for male factor infertility stemming 
from a thyroid disorder is correction of the underlying thyroid disorder. 


Hormonal Changes in Hyperthyroidism 


As with many of the topics in this chapter, controversy exists regarding the precise 
effect of hyperthyroidism on male fertility. The effect of thyroid function on fertility 
has been studied extensively in a variety of animal models; with studies generally 
showing that when thyroid hormone levels deviate from normal ranges, the effect on 
fertility and libido is negative [41—43]. Mechanisms vary markedly between differ- 
ent species studied, making consensus on specific claims difficult to reach. 

Elevated levels of SHBG are a well-known feature of hyperthyroidism in humans 
[44], leading to high levels of serum testosterone. The biologically available form of 
testosterone, free testosterone, appears not to be affected by thyrotoxicosis [45], 
making the clinical consequences unclear. Similarly, circulating E, levels appear to 
be elevated in many men with thyrotoxicosis, due partly to increased binding of E, 
to SHBG [46]. The increase in SHBG bound-estrogen is accompanied by an 
increased production rate of estrogens in some men [47]. This correlates well with 
the stigmata of increased estrogen exposure that often accompany hyperthyroidism 
in men, such as gynecomastia, spider angiomas, and decreased libido [48]. 

The levels of gonadotropins in men with hyperthyroidism are usually normal, but 
some studies have found that LH and FSH responses to GnRH are exaggerated in 
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hyperthyroid patients compared to euthyroid controls [49]. These studies would seem 
to support a relationship between thyroid hormone levels and sensitivity to gonadotro- 
pins. Other studies have observed an increase in basal LH and FSH levels in addition 
to a hyper-responsiveness to exogenous GnRH [50] in hyperthyroid patients. 


Hyperthyroidism: Effect on Fertility 


Some studies have directly examined the effect of hyperthyroidism on male factor 
infertility demonstrating a decrease in sperm quality. The largest study to date com- 
pared 23 hyperthyroid men against 15 healthy controls and found significantly 
decreased sperm motility in the thyrotoxic group, although semen volume, sperm 
density, and sperm morphology showed no differences [51]. Previous smaller stud- 
ies have also found significant differences in the sperm motility of thyrotoxic men 
[52-54]. The relationship between sperm concentration and hyperthyroidism is less 
well defined [45, 52-54]. Following treatment of thyrotoxicosis, sperm density and 
motility were found to improve to normal ranges [51, 55]. 


Hormonal Changes in Hypothyroidism 


Just as hyperthyroidism is associated with elevated SHBG, human studies have 
found that hypothyroidism is associated with a decrease in SHBG accompanied by 
a decrease in total serum testosterone [56, 57]. Unlike hyperthyroidism, which lacks 
evidence of a net increase in free serum testosterone, a small prospective study 
demonstrated low free testosterone levels in hypothyroid men [58]. 

The exaggerated response of hyperthyroid individuals to exogenous GnRH is 
matched by an attenuated response in hypothyroid men [59]. Some hypothyroid 
males also display low basal levels of LH and FSH [48], which if sustained over a 
long period in a prepubertal male would lead to less stimulation of the Leydig and 
Sertoli cells, potentially leading to impeded sperm maturation. Although there 
would be increased numbers of cells in the testes, the number of mature cells would 
be decreased. This has been put forth as a potential explanation for the increased 
testicular size with decreased mature germ cells in the seminiferous tubules dis- 
played in some hypothyroid patients [55]. 

Hypothyroidism may also result in hyperprolactinemia due to elevated levels of 
thyrotropin-releasing hormone (TRH), leading to infertility. 


Hypothyroidism: Effect on Fertility 
Hypothyroidism in adult men has long been associated with decreased libido [60], 


but its effect on fertility is only recently coming under scrutiny. No study has yet 
demonstrated a difference in sperm motility between hypothyroid and euthyroid 
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men, but the largest study to date showed significant differences in sperm morphol- 
ogy between 23 hypothyroid and 15 euthyroid subjects [61]. Primary hypothyroid- 
ism occurring in prepubertal males has also been linked to histologic abnormalities 
of the testicular cells, in keeping with the theory that low LH and FSH levels in 
hypothyroid males lead to abnormal numbers of immature germ cells in the semi- 
niferous tubules [55]. As with hyperthyroidism, correction of the underlying thyroid 
hormone abnormality has been shown to improve semen parameters [57, 61]. 


Fertile Eunuch Syndrome 


Idiopathic hypogonadotropic hypogonadism (IHH) results from failure of selective 
endocrine components of the hypothalamic-pituitary-gonadal axis without any ana- 
tomic or functional etiology [62]. It represents a spectrum of congenital causes of 
hypogonadrophic hypogonadism (HH), which includes the well-described Kallmann’s 
syndrome to the rare, mild variant, fertile eunuch syndrome. While isolated LH 
deficiency is believed to be the etiology of fertile eunuch syndrome, its pathophysiol- 
ogy remains unclear and controversial [63]. Fertile eunuch syndrome may be a result 
of a defect in GnRH secretion in the hypothalamus or a problem with GnRH recep- 
tors. Another theory is a disruption in the LH molecule or its receptor. Altered func- 
tion in the Leydig cells has also been suggested as a potential mechanism [64]. 

Fertile eunuch syndrome was first reported in 1950 by McCullagh and colleagues 
who describe a patient with eunuchoidal body habitus and lack of secondary sexual 
characteristics. However, this individual had normal size testes and preserved sper- 
matogenesis [65]. Several case reports of these individuals have since been published, 
but no large series exists. While the pathophysiology of fertile eunuch syndrome is not 
fully elucidated, it is widely believed to represent an incomplete form of GnRH 
deficiency in men, in which an isolated and partial LH deficiency is present [66]. 

Pulsatile secretion of GnRH from the hypothalamus is required for both the ini- 
tiation and maintenance of the reproductive axis in the human. GnRH stimulates 
production of LH and FSH. These, in turn, drive intra-gonadal testosterone produc- 
tion and spermatogenesis as well as systemic testosterone secretion and virilization. 
LH deficiency results in low testosterone and normal FSH levels (Fig. 8.2). Thus, 
spermatogenesis, which responds to FSH, is preserved. However, while low GnRH 
secretion in these men appears sufficient to achieve adequate testosterone levels for 
spermatogenesis and testicular growth, peripheral testosterone levels to achieve 
virilization seem inadequate [62]. 


Genetic Basis 


THH has considerable genetic variability from sporadic to familial inheritance pat- 
terns. One theory is that mutations in the GnRH receptor (GnRH-R) gene cause 
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Fig. 8.2 Schematic of the hypothalamic-pituitary-testicular axis in a normal adult male and in the 
setting of primary and secondary hypogonadism. (a) Normal conditions consists of normal gonad- 
otropin levels (LH, FSH) and normal size testes. (b) In primary hypogonadism, there are increased 
gonadotropins (LH, FSH) and a decrease in size of the testes. (c) In secondary hypogonadism, 
there is decreased GnRH, decreased gonadotropins (LH, FSH), and a decrease in size of the 
testes 
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IHH. Pitteloud and colleagues [62] reported a case of a homozygous mutation 
(Gln106Arg) in the GnRH-R that affects binding of the ligand. This mutation, 
located in the first extracellular loop of the GnRH-R, decreases but does not elimi- 
nate GnRH binding. Furthermore, while it was associated with normal testicular 
volume, this patient had apulsatile, low gonadotropin and low testosterone levels. 

Others have proposed a defect in the LH molecule itself. Shiraishi and Naito [63] 
reported a case of fertile eunuch syndrome with homozygous Trp8Arg and Ile15Thr 
mutations in the LH B-subunit. LH is a heterodimer composed of a common a-sub- 
unit and a specific B-subunit that confers Leydig cell receptor specificity. Their 
patient presented at 18 years of age with delayed puberty. On exam, he was noted to 
be Tanner Stage I, but both testes were developed normally. He did not have a dis- 
order in the hypothalamus-pituitary-testicular axis but did have low testosterone. 
Using DNA Amplification and sequencing analysis, they demonstrated homozy- 
gous mutations in the LH ß-subunit. This individual achieved improved semen 
parameters and normal virilization with treatment of hCG. 
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Clinical Features 


While HH can be diagnosed in the neonatal period, typically, it is diagnosed in ado- 
lescence as delayed puberty. At this point, there is a marked increase in GnRH secre- 
tion. The phenotypic presentation of HH also varies with age of onset (congenital vs. 
acquired), severity (complete vs. partial), and duration (functional vs. permanent). 

Clinically, men with IHH lack development of secondary sex characteristics and 
have eunuchoidal body proportions. Patients may be diagnosed during an evaluation 
for infertility. In general, IHH is a relatively rare cause of subfertility accounting for 
less than | % of cases of male infertility [67]. 

The clinical picture of the fertile eunuch is characterized by GnRH deficiency in 
association with normal testicular volume. These men have low serum testosterone 
levels and are distinguished by the variable preservation of spermatogenesis [4]. 


Treatment 


The mainstay of treatment is hCG, an LH analog. hCG is administered subcutane- 
ously or intramuscularly (1,000-2,000 IU two to three times weekly) to induce sper- 
matogenesis [68]. Shiraishi and Naito [63] reported that after treatment with hCG, 
their patient had improved sperm parameters, higher serum testosterone levels, and 
improved virilization. Hayes and colleagues [69] reported that after only 4 months 
of treatment with hCG, their patient was able to father a child. Following cessation 
of hCG therapy, the patient demonstrated reversal of his hypogonadotropism. He 
had normal testosterone levels and the appearance of pulsatile LH secretion. 


Conclusions 


The options for treatment of infertility in men have expanded over the past few decades. 
Similarly, tools to evaluate and diagnose infertility have also progressed. The endocrine 
evaluation of the male partner is an essential part of the workup of the infertile couple. 
The information gleaned from an endocrine evaluation enables targeted treatment of 
male factor infertility and can potentially improve the overall health of the patient. 
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